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VITAMIM B, REQUIREMENT OF RUMEX 
VIRUS TUMOR TISSUE 


Louis G. NICKELL 


In the first detailed report concerning the growth in vitro of the virus 
tumor from sorrel, Rumezx acetosa (Burkholder and Nickell 1949), it was 
stated that there was no apparent vitamin requirement in the tumor tissue. 
This statement was based on observations of tissue grown on a vitamin-free 
basal medium for only one transfer. However, the tumor tissue is from the 
root portion of the sorrel plant, and no root or root tissue has so far been 
grown indefinitely in vitro without an external supply of vitamin B, (White 
1943). There are two papers in the literature wherein roots have been re- 
ported to synthesize this vitamin (Bonner and Devirian 1939, MeClary 
1940.). Therefore, it was thought worthwhile to investigate further the 
vitamin utilization by this tissue, i.e., experiments designed to cover two 
or more consecutive transfer periods. 

Preliminary experiments showed that growth of the tissue on a vitamin- 
free synthetic medium for the first transfer was the same as, or slightly 
less than, that of tissue grown on the same medium with added vitamins 
(B,, B,, and niacinamide). However, if this same tissue was then trans- 
ferred to the vitamin-free medium for a second growth period, the growth 
rate dropped precipitously, or the tissue died. No tissue survived a third 
transfer. These results strongly indicated a vitamin requirement, and 
prompted the following experiments. 

Material and methods. The material and methods used in the present 
study are essentially the same as those used previously (Burkholder and 
Nickell 1949, Nickell 1950a and b, 1951, Nickell and Burkholder 1948, 1950). 
The tissue used was the R, strain of the virus tumor isolated by Black (1947), 
and the synthetic basal medium used throughout was No. 24 with or without 
added vitamins (Burkholder and Nickell 1949). The experimental growth 
period in all instances was three weeks. All values presented are based on 
at least 5 replicates for a given set of conditions. 

Experimental results. Omission series. Since the preliminary experi- 
ments indicated that this tissue requires one or more vitamins for growth, 
experiments were set up with the three vitamins (B,, B, and niacinamide) 
omitted singly, and all together. The tissue used in these experiments was 
grown, prior to the experimental transfer, on the basal medium plus all 
three vitamins. The growth values after the first experimental transfer show 
a slight drop in those media from which vitamin B, was omitted. In the 
remaining media the growth values are normal (table 1). 

[THE BULLETIN for September—October (79: 351-425) was issued August 22, 1952] 
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TABLE 1. Vitamin requirement of Rumex virus tumor tissue—Omission series (ezx- 
perimental transfers grown on medium with all three vitamins present prior to experi- 
ment ) 


- vitamin added 


Vitamins > - e 
—= vitamin omitted 


, + _ + 4 on 
B, , F ie , a 
Niacinamide } r } - ~ 
First transfer 5.4* 3.5 5.5 5.4 3.3 
Second transfer A 5.5 dead 6.0 5.0 dead 
Second transfer B 6.3 dead 5.6 5.5 dead 


* Numbers express growth value. 
growth value = final wet weight/initial wet weight. 

The tissues from this first transfer were used for the second transfer, 
being placed on the same type medium on which they had grown previ- 
ously. The results (table 1) show that all tissues grown in the absence of 
vitamin B, for two successive transfers have died. All others have con- 
tinued at the same growth rate. The second transfer was done in duplieate 
sets of experiments, and the results are quite consistent. The evidence indi- 
cates that vitamin B, and B, alone is required for growth by this tissue. 

Addition series. In order to check on the requirement for vitamin B,, 
tumors were grown on the basal medium without any vitamins, and after one 
month’s growth were placed on the basal medium alone or with the addition 
of one or more vitamins as indicated in table 2. The results here show clearly 
that vitamin B, is the only one required for growth. 

Concentration series. Since the tissue has been maintained on the basal 
medium with 0.1 ppm of vitamin B, (plus other vitamins) for over 6 years, 
a concentration series was set up in order to determine if this is the optimal 
level. The tissue to be used for this experiment was first grown for one 
month on the basal medium without the addition of vitamins; transfers then 
are made to media containing vitamin B, from 0 to 0.4 ppm. The results, 
presented in figure 1, show that the amount used previously is somewhat low 
for optimal growth. 

Indefinite culture with vitamin B, alone. While the evidence presented 


TABLE 2. Vitamin requirement of Rumex virus tumor tissue—Addition series (ex- 
perimental transfers grown on vitamin free medium for one month prior to experiment) 


vitamin added 


Vitamins : . : 
— = vitamin omitted 


B, ; a ; 4 : “A 


B, 4 4 at , - 4 $ = 
Niacinamide } 4 i i 4 = aif ¥ 
5.4* dead 6.5 5.1 dead dead 6.4 dead 


* Numbers express growth value. 
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indicates that vitamin B, is the only vitamin required for growth of the 
Rumezx virus tumor tissue, absolute proof would be provided if the tissue 
were to be grown in the absence of all other vitamins for an extended period 
of time. This has been done. At the present time, tissue of this tumor has 
been maintained for over two years, with sub-culturing every three weeks, 
on the basal medium plus vitamin B, at a level of 0.1 ppm and no other 
vitamins. Growth has been normal in every respect and exactly like that 
of sister cultures maintained on the basal medium plus all three vitamins 
(B,, B, and niacinamide). 
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Fie. 1. Growth response of Rumex virus tumor tissue to additions of vitamin B, to 
the basal medium (No. 24). 


Discussion. The results presented in this paper show that the formation 
of a tumorous condition in sorrel root tissue has in no way changed the vita- 
min B, nutrient requirement that is characteristic of roots which have been 
grown indefinitely in vitro. 

Other nutritional studies with this tissue have shown that there are dif- 
ferences between normal excised roots and virus tumors of sorrel. The virus 
tumor has an abnormally high phosphate requirement (Nickell and Burk- 
holder 1948, Burkholder and Nickell 1949) while uninfected excised roots 
have a normal requirement (unpublished data). Studies concerning the 
effects of nucleic acid derivatives and related compounds on the growth of 
the virus tumors showed hypoxanthine to be stimulatory (Nickell, Greenfield 
and Burkholder 1950). This compound has no stimulatory effect on the 
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growth of excised roots of sorrel at the same concentrations used in the 
studies with the tumors (unpublished data). Experiments employing lower 
concentrations of hypoxanthine are in progress. 

Two differences between the normal and neoplastic tissues of sorrel have 
been discussed (phosphate and hypoxanthine), neither of which is incom- 
patible with the hypothesis that the difference could be due to an effect of 
the virus requirements superimposed on the normal metabolism of the host 
tissue. Stimulatory effects by increased phosphate and/or the presence of 
certain purines or pyrimidines could well be due to the increased demand 
for them for incorporation into virus nucleoprotein. 


SUMMARY 


1. It has been shown that virus tumor tissue from the root of the sorrel 
plant (Rumez acetosa L.) requires vitamin B, for growth im vitro, and no 
other vitamin. 

2. This requirement has been demonstrated by an omission series of ex- 
periments, an addition series, and continued growth for over two years on 
the basal synthetic medium plus vitamin B,. 

BROOKLYN Botanic GARDEN 

BROOKLYN 25, New YorK 
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PRODUCTION OF ZOOSPORES FROM GERMINATING 
OOSPORES OF PYTHIUM ULTIMUM AND 
PYTHIUM DEBARYANUM*’ 


CHARLES DRECHSLER? 


Seventy years ago de Bary (1881b, p. 525) described oospores of Pythium 
debaryanum Hesse as germinating, after a resting period of 4 to 5 months, 
by production of a germ hypha, which in pure water devoid of nutrients 
would grow out and ramify rather considerably before it eventually died 
off in forming a resting conidium. If the germ hypha reached a favorable 
substratum it formed an extensive mycelium capable of normal reprodue- 
tion. It was not seen giving rise to zoosporangia. De Bary’s (1881 a, p. 12-14, 
Taf. I, figs. 9a, 10-13, 14b, 16-19; 1881 b, fig. 1) detailed account of the 
developmental morphology of the antheridium in P. debaryanum—the man- 
ner of origin of this organ, its shape, and its most usual positional and pos- 
tural relationships to the oogonium—indicates that his studies on the for- 
mative and mature stages of sexual reproduction very probably were carried 
out for the most part on material of the exceedingly widespread damping-oft 
parasite which on grounds set forth earlier (Drechsler 1927, 1935) seems 
best referable to P. ultimum Trow. Yet as the damping-off fungus best con- 
forming to the figures of sporangia and sexual reproductive apparatus that 
are given in the original account of P. debaryanum (Hesse 1874, figs. 5-9, 
11, 13, 14) is likewise ubiquitous and abundant in moist temperate lands, 
often, indeed, occurring together with P. ultimum, it could presumably 
have also been present in addition to the 6 other much less frequent con- 
generic species de Bary found growing out of affected garden cress (Lepi- 
dium sativum L.) seedlings. Assuredly the zoospore development which de 
Bary ascribed to P. debaryanum and’which puzzled him by its pronounced 
inconstancy—some cultures producing rather many functional zoosporangia 
while others produced none—could more readily have come from an admix- 
ture of the species named in his honor than from the parasite whose sexual 
development he so accurately described. It seems therefore not altogether 
impossible that the single germinating oospore he figured without an at- 
tached empty antheridium (de Bary 1881b, fig. 2) may really have belonged 
to Hesse’s species, though, again, it may with at least equal probability 
have belonged to P. ultimum. When Trow (1901) twenty years later de- 
scribed P. ultimum as a new species he set forth its oospores as germinating 





- '‘ Illustrations published with the assistance of the Lucien M. Underwood Memorial 
und. 


2 Pathologist, Bureau of Plant Industry, Soils, and Agricultural Engineering, U. 8. 
Department of Agriculture; Plant Industry Station, Beltsville, Maryland. 
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always by the production of one or more germ tubes, either soon after 
reaching maturity or after they had rested for a variable period extending 
up to 7 months. 

The commonplace vegetative germination ascribed by de Bary to the 
oospores of Pythium debaryanum and by Trow to those of P. ultimum can 
be achieved readily and abundantly in these 2 species at the temperatures 
ordinarily prevailing in most American laboratories. Maizemeal-agar plate 
cultures of either species containing in suspension some finely divided maize- 
meal will usually show rapid mycelial growth, copious sexual reproduction, 
and subsequently gradual after-ripening of oospores, not only in summer 
when indoor temperatures fluctuate commonly between 25° and 33° C., but 
also in winter when rooms are kept heated to temperatures ranging from 
22° to 28° C. To insure this sequence of development it is necessary only to 
keep the cultures from drying out—a matter easily accomplished by placing 
them in stacks under bell-jars or inverted battery jars. If after such storage 
for a period of 2 to 4 months, portions of agar are removed to a shallow 
layer of pure water, many of the oospores will germinate promptly at ordi- 
nary laboratory temperature by putting forth a germ hypha (fig. 1, A—-D) 
capable of extensive mycelial growth. 

As has been made known in a preliminary report (Drechsler 1946a) 
more distinctive germination by production of motile zoospores ensues when 
after-ripened oospores of Pythium debaryanum or of P. ultimum are trans- 
ferred to pure water at lower temperatures. This type of germinative de- 
velopment is of moment especially in the case of P. ultiemum, since this spe- 
cies generally displays very little inclination, even under chilly conditions, 
to produce zoospores from its ordinary asexual conidia. All pure cultures so 
far tried out, which from the character of their mycelium and the morphol- 
ogy of their sexual reproductive apparatus could be referred to P. ultimum, 
have proved reluctant to form zoospores from their conidia of mycelial 
origin, while showing much readiness and consistency in producing them 
from their after-ripened oospores. The figures herein given to illustrate the 
formative and germinative phases of oospore development in Trow’s species 
were prepared mainly from 2 cultures obtained as manifest causal agents 
in separate instances of plant disease recorded in earlier papers. Of these 
2 cultures one (fig. 2, A-M; fig. 3, A—J) was isolated in 1924 from a ecab- 
bage (Brassica oleracea L. var. capitata L.) head affected with stump rot 


Fig. 1. Pythium ultimum, drawn to a uniform magnification with the aid of a camera 
lucida ; x 1000 throughout. A, after-ripened oospore germinating by production of a germ 
tube. B—-D, Oospore envelopes, each with empty proximal portion of a long vegetative 
germ hypha. E, Small conidia or zoosporangia, a-z, formed on germ hyphae. F-N, Empty 
envelopes of such small zoosporangia that have discharged their contents through the 
evacuation tube, t, for conversion into zoospores. (A—D, M, N, drawn from sweet-potato 
strain; E (a-z), F—L, drawn from eabbage strain.) 
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Fig. 2. Sexual reproductive apparatus of Pythium ultimum (cabbage strain) drawn 
with the aid of a camera lucida, at a uniform magnification, from the underside of 
maizemeal-agar plate cultures; x 1000 throughout. Explanation of all parts given in text. 
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(Drechsler 1925), while the other (fig. 4, A—O; fig. 5, A-Z) was received 
the same year from L. L. Harter, who had isolated it from a darkened 
rootlet of a sweetpotato (Ipomoea batatas (L.) Lam. var. Red Brazil) slip 
in the spring of 1924 (Harter 1925). Occasion is taken to inelude also a few 
supplementary drawings of conidia and sexual reproductive apparatus that 
were prepared from 2 cultures labelled ‘‘G 5’’ (fig. 6, A-G) and “‘G 3”’ 
(fig. 6, H—M), respectively, which Harry Braun kindly gave me in Feb- 
ruary, 1925, as being representative of forms he had isolated from decaying 
geranium (Pelargonium sp.) cuttings and had treated separately under 
the names P. debaryanum and P. debaryanum var. pelargonii in a paper 
that was published some months later (Braun 1925). Both of Braun’s cul- 
tures were clearly referable to P. ultimum as that species is understood 
here and were wholly alien to Hesse’s species. Several units of sexual ap- 
paratus (fig. 6, N-R) drawn from a culture isolated from a partly decayed 
geranium cutting in a greenhouse near Cedarville, N. J., on May 29, 1924, 
likewise reveal the make-up characteristic of P. ultimum, as do also 3 addi- 
tional units (fig. 6, S-U) drawn from 3 separate cultures isolated originally 
from separate collections of softened pea (Pisum sativum L.) roots. Of the 
3 pea-root collections one was made near Onalaska, Wis., in the spring of 
1922 (fig. 6, S), another near Salt Lake City, Utah, on August 20, 1923 
(fig. 6, T), and the third in Arlington, Va., on June 9, 1921 (fig. 6, U). A 
culture originally isolated from a softened pea root taken from a field near 
Rochelle, Ill., on June 12, 1924, was used in preparing the figures relating 
to sexual reproduction (fig. 7, A-T) and oospore germination (fig. 8, A—V ) 
in P. debaryanum. 

The oogonia of Pythium ultimum are borne either terminally (fig. 6, 
A, I-K, N-P, R, 8) or interealarily (fig. 6, B-D, H, Q, T, U). Their position 
in considerable degree seems to be governed by the width of their supporting 
hyphae. On the under side of agar plate cultures, where mycelial filaments 
are relatively narrow, the female cell is formed terminally (fig. 2, A—-C; 
D, g; E; G—L) more often than in subterminal (fig. 2, F) or interealary 
(fig. 2, M) positions. Units of sexual apparatus produced by the wider 
hyphae abundant on the upper side of a maizemeal-agar plate culture com- 
monly show the oogonium in an interealary position (fig. 4, A; B; D, a; 
F-H; K; L, a; M—-O), though here and there a stout hypha may bear an 
oogonium terminally (fig. 4, C) or laterally (4, D, b). Slender hyphae on 
the upper surface of an agar plate culture will, as elsewhere, most often 
give rise to oogonia terminally (fig. 4, E, b; J) or subterminally (fig. 4, I). 
Now and then an oogonium that was formed terminally (fig. 2, D, e; fig. 4, 
E, b) comes to oceupy an approximately lateral position when the support- 
ing hypha grows out below the basal septum, often to produce a second 
oogonium (fig. 2, D, g; fig. 4, E, a) some distance forward. 
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The width of the supporting filament affects also the position and shape 
of antheridia in monoclinous units of sexual reproductive apparatus. Where 
a wide filament bears an intercalary oogonium, fertilization is accomplished 
often by a single antheridium that consists merely of an adjacent cylin- 
drical hyphal segment (fig. 4, A; B; D, a; K. fig. 6, Q). Frequently, again, 
a male cell of unmodified cylindrical shape is delimited at each pole of the 
oogonium (fig. 4, F, M, O; fig. 6, D, a, b), though often when 2 adjacent 
antheridia are present one of them may be of plain cylindrical shape (fig. 4, 
L, d; N, a. fig. 6, T, a), while the other is modified by a protrusion close to 
the oogonium (fig. 4, L, ¢; N, b. fig. 6, T, b), or each of the two may have a 
bulbous protrusion (fig. 4, H). Adjacent antheridia of unmodified cylin- 
drical shape always extend their fertilization tube through the cross-wall 
delimiting them from the oogonium, and this is true also of some antheridia 
which have only a rather small lateral protrusion (fig. 4, N, b). Where the 
protrusion is fairly large the fertilization tube is usually pushed through 
the subspherical envelope of the oogonium in a position not far from the 
eross-wall (fig. 4, H; L, e. fig. 6, T, b). In monoelinous units of sexual ap- 
paratus that are borne terminally on rather slender hyphae an adjacent an- 
theridium often consists of a small hyphal part together with a lateral pro- 
tuberant part many times larger (fig. 2, B; C; D, h; IL. fig. 6, A, I, K, O, P, 
S). Very often, too, in such terminal monoclinous units the antheridium 
includes no hyphal part at all, but is derived entirely from the lateral out- 
growth. The whole outgrowth may be included in the antheridium, so that 
this organ appears as a plump arched body sessile on the supporting hypha 
(fig. 2, E, F; fig. 4, C, J; fig. 6, H. N); or a proximal portion of the out- 
growth, sometimes very short (fig. 2, G, H, J. fig. 4, E, b; 1) but at other 
times longer (fig. 2, A, K, L.), may serve as a stalk terminally supporting the 
curved male cell. 

Development of an antheridium largely or wholly from .a lateral out- 
growth extended from a position immediately below the basal septum of a 
terminal oogonium often brings the oogonium markedly out of alignment 
with its supporting hypha. In water preparations, as de Bary (1881a, p. 14) 
noted, and similarly in very soft gel substrata, the antheridium, though 
originating laterally below the terminal oogonium, will tend so strongly to 


Fig. 3. Germination of oospores from 90-day-old maizemeal-agar plate cultures of 
Pythium ultimum (cabbage strain); all parts drawn to a uniform magifieation with the 
aid of a camera lucida; x 1000 throughout. A, B, After-ripened oospores. C, After-ripened 
oospore beginning to germinate. D, Oospore with elongating germ tube, t. E, Oospore 
with unusually long germ tube, t, surmounted by a cap of dehisecense. F, Oospore that has 
discharged its contents through the evacuation tube, t, into the vesicle, v, where they are 
being fashioned into zoospores. G, Empty membranous envelopes (a-s, u) of oogonium, 
oospore, and evacuation tube, t, remaining after escape of zoospores. H, Eneysted zoo- 
spore. I, J, Encysted zoospores, each putting forth a germ tube. 
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grow straightforward that the oogonium is pushed aside and may come to 
lie at a right angle with the supporting hypha. In moderately firm agar 
cultures, where massive parts cannot move freely in response to growth 
pressures, displacement of the oogonium is impeded, though some approxi- 
mation to the angular relationships observable in irrigated material may 
come about here through rather abrupt bending of the distal portion of the 
supporting hypha (fig. 2, B; D, g, h. fig. 6, 1, P, S). 

Although the sexual reproductive apparatus of Pythium ultimum is 
predominantly monoclinous, units of diclinous origin are not infrequent in 
the species. Sometimes two mycelial filaments (fig. 2, D, a, b) rather far 
apart give off long branches (fig. 2, D, c, d) on which the oogonium (fig. 2, 
D, e) and the antheridium (fig. 2, D, f) fertilizing it are borne terminally, 
the male cell then usually being of curved clavate shape. In instances where 
the two mycelial filaments supplying the apposed organs are closer together, 
the antheridium may be formed on a short stalk (fig. 6, R) or may be borne 
laterally and sessile as a straight or somewhat curved, elongated utriform 
structure (fig. 4, G). Most often when the male hypha lies close to the 
oogonium, the antheridium consists of an intercalary segment of the hypha 
together with a protuberant part (fig. 6, BB; D, ¢; T, ¢) in somewhat broad 
contact with the oogonium—a make-up more or less suggestive of the an- 
theridia in P. butleri Subr. and P. aphanidermatum (Eds.) Fitzp.*? Some- 
times an interecalary antheridium of diclinous origin will have 2 protuberant 
parts, each of them provided with a fertilization tube (fig. 6, C). 

2 These 2 closely related species, which were adjudged to be identical by Carpenter 
(1921) and Fitzpatrick (1923) though apparently neither author had studied material 
referable to either species, are distinguished here on grounds set forth briefly in an 
abstract (Drechsler 1934). My examination of Dr. Edson’s excellent microscope mounts, 
together with the adverse comments he made when on various occasions during the 5 
years following 1922 he kindly examined maizemeal-agar plate cultures and irrigated 
preparations of the larger, strongly lobulated species, gave good reason for holding that 
his description (Edson 1915) was based on the smaller, often rather meagerly lobulated 
species which soon afterwards came to light in 3 cultures that R. D. Rands isolated from 
sugarcane roots in Louisiana. Since these cultures were found unmistakably conspecific 
with 2 Sumatra cultures that represented the same stem-burn parasite—the ‘‘ Pythiwm 
debaryanum’’ of Jochems (1927)—on which Meurs (1934) based his description of 


P. deliense, it would seem that P. aphanidermatum has a synonym in P. deliense rather 
than in P. butleri. 





Fig. 4. Sexual reproductive apparatus of Pythiuwm ultimum (sweet-potato strain) 
drawn with the aid of a camera lucida, at a uniform magnification, from the upper side 
of maizemeal-agar plate cultures; x 1000 throughout. A, B, Oogonia being fertilized by 
adjacent antheridia. C, Fertilized oogonium showing young oospore with thin wall. D, E, 
Portions of hypha, each with two oogonia, whereof one, a, shows an oospore with very 
thin wall, while the other, b, contains an oospore with a thicker wall. F, G, Oogonia, each 
with a young thin-walled oospore. H, I, Oogonia containing oospores with thicker walls. 
J, Mature monoclinous sexual reproductive unit. K, Somewhat immature monoclinous 
unit. L, Portion of hypha with oogonium, a, and conidium, b; the former having been 
fertilized by two antheridia, ¢ and d. M—O, Mature monoclinous sexual units. 
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Such production of 2 fertilization tubes, instances of which are also ob- 
servable now and then in monoclinous lateral antheridia that arise in im- 
mediate proximity to the oogonium, may be regarded as exceptional. De- 
partures from the more usual trends of development result in miscellaneous 
variations. In monoclinous terminal reproductive units, for example, the 
adjacent antheridium, usually of cylindrical shape, sometimes widens mark- 
edly toward the broad base of the oogonium (fig. 6, J), its conformation 
then representing a frustrum of an inverted cone. Occasionally, again, in 
monoclinous apparatus a lateral (fig. 4, E, a) or an interealary (fig. 2, M) 
oogonium may be found supplied, as in P. debaryanum, with an antheridium 
borne on a short branch arising 10 to 15 away. In seattered instances an 
oogonium formed laterally on a wide hypha will, on conversion of the ad- 
joining portion of the hypha into a male cell, come to be sessile on an inter- 
ealary antheridium (fig. 4, D, b). 

Development within the oogonium follows the course usual in members 
of the genus. At the time of fertilization the protoplasmic mass is drawn 
away from the oogonial envelope (fig. 4, A, B). After the antheridium has 
contributed most or all of its granular contents, the fertilized protoplast 
assumes a more accurately spherical shape and lays down a thin colorless 
peripheral membrane (fig. 4, C; D, a; E, a; F; G). The coarsely lumpy 
protoplasmic mass now undergoes some little further contraction as it 
secretes a second wall layer thicker than the first (fig. 2, A; B. fig. 4, D, b; B, 
b; H; 1). A homogeneous reserve globule appears in the center of the young 
oospore, its progressive enlargement constraining the lumpy mass into a 
parietal layer (fig. 4, K). Thereupon when the lumps become resolved into 
small granules, and a single subspherical or slightly flattened refringent 
body emerges clearly in the granular material, the oospore reaches its fully 
mature resting condition (fig. 2, C; D, e, g; E—M. fig. 4, J; L, a; M—O. 
fig. 6, A-D; H-K; N-U). In this condition the oospore regularly fails to 
germinate when it is placed in pure water. During prolonged storage at a 
low temperature—at 5° C., for example—such dormant oospores reveal 


Fig. 5. Germination of oospores from 90-day-old maizemeal-agar plate cultures of 
Pythium ultimum (sweetpotato strain) ; all parts drawn to a uniform magnification with 
the aid of a camera lucida; x 1000 throughout. A, Oospore in early stage of after- 
ripening. B, After-ripened oospore. C, Oospore beginning to germinate. D, two adjacent 
oogonia, a and b; from the oospore in the oogonium, a, the germ tube, t, has grown out; 
the oospore in oogonium, b, has emptied out its contents through the evacuation tube, t. 
E, Oospore with germ tube surmounted by cap of debiscense. F, Discharged oospore; t, 
evacuation tube; v, vesicle with protoplasmic mass undergoing cleavage. G, Discharged 
oospore; t, evacuation tube; v, vesicle with ten full-fledged zoospores. H-U, Empty en- 
velopes of oogonium, oospore, and evacuation tube, t. V, Eneysted zoospores, a—e. W, En- 
cysted oospores, a and b, germinating vegetatively. X, Encysted zoospores, a and b, each 
with papilla of dehiscense. Y, Zoospore cyst envelopes, a and b, after eseape of secondary 
motile zoospore. Z, Oospore with long vegetative germ hypha. 
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6. Pythium ultimum, drawn to a uniform magnification from maizemeal-agar 
plate cultures, with the aid of a camera lucida; x 1000 throughout. Explanation of all 
parts and sources of all cultures given in text. 
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little change in their internal organization, and show correspondingly little 
increase in their capacity for prompt germination. However at temperatures 
ordinarily prevailing in laboratories, the changes of after-ripening become 
clearly noticeable in scattered oospores within about 25 or 35 days, and 
after 90 days by far the greater number of oospores will have lost their 
durable appearance and their inert behavior. 

In the earlier stages of after-ripening the oospore of Pythiwm ultimum 
often contains 2, 3, or 4 refringent bodies (fig. 3, A; fig. 5, A) which some- 
times are noticeably smaller than the single refringent body present at 
maturity. As their size and their luster diminish the plural refringent 
bodies are gradually lost to view in the protoplasmic mass surrounding 
them. Meanwhile the protoplasmic mass has gained in volume not only by 
resorbing in large part the thick yellowish inner layer of the oospore wall, 
but also by intermixing and merging with the material in the reserve 
globule (fig. 3, B; fig. 5, B). Consequently the after-ripened oospore is a 
rather thin-walled globose body filled with densely granular protoplasm in 
which about a dozen subspherical vacuoles, mostly 2 to 3.5 » wide, are in- 
distinctly visible. In its shape, as also in the character of its contents, it 
closely resembles conidia of mycelial origin (fig. 4, L, b; fig. 6, E-G, L, M) 
though its endogenous character is manifest in the presence of the normally 
persisting oogonial envelope. With respect to size, oospores, whether in a 
dormant or in an after-ripened condition, are generally somewhat less 
widely variable than conidia of mycelial origin. In most cultures they fail 
to attain the largest dimensions observable among asexual conidia. 

When placed in fresh water the after-ripened oospore puts forth a broad 
protuberance which on reaching the oogonial envelope (fig. 3, C; fig. 5, C) 
soon pushes its way through that membrane to elongate externally (fig. 3, 
D, t; fig. 5, D, a: t). At temperatures near 10° C. the elongating germ tube 
frequently forms a hyaline cap of dehiscense (fig. 5, E, t) on reaching a 
length of 5 to 40 », though occasionally a germ hypha as much as 100 » long 
is found apically modified for discharge (fig. 3, E, t). The protoplasmic 
contents migrate through the germ hypha (fig. 3, F, t. fig. 5, F, t; G, t) 
into a vesicle (fig. 3, F, v. fig. 5, F, v; G, v) and are there fashioned into 
laterally biciliate motile zoospores in the manner characteristic of the genus. 
After the swarmers have escaped from the evanescent vesicle, the empty 
evacuation tube (fig. 3, G, a-s: t; u: t. fig. 5, H-U: t) is found terminating 
abruptly at its open mouth, usually without any indication of being re- 
flexed. Frequently the reduced wall of the oospore remains undivided 
throughout and may be shown advantageously as a double-contoured en- 
velope slightly thicker than the oogonial membrane loosely surrounding it 
(fig. 5, H-U). Yet with respect to structure the reduced oospore wall would 
seem represented somewhat better as a triple-contoured envelope (fig. 3, 
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Fie. 7. Sexual reproductive apparatus of Pythium debaryanum drawn from maize- 
meal-agar plate cultures at a uniform magnification with the aid of a camera lucida; 
< 1000 throughout. Explanation of all parts given in text. 
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G, a-s, u) in which a thin colorless outer layer is distinguished from a thin, 
slightly yellowish, inner layer. Near the base of the evacuation tube the 
outer layer is sometimes found locally separated from the inner one (fig. 3, 
D; G, b, d, f, h, i, k, m—q, s, u) apparently as the result of tensions earlier 
exerted by the growing tube. 

After-ripened oospores of approximately average size commonly yield 8, 
9, or 10 motile zoospores (fig. 5, G), while those of greater or smaller 
volume give rise to swarmers in correspondingly larger or smaller numbers. 
Following a variable period of motility the zoospores normally round up 
into globose cysts mostly 8 to 10 », rarely up to 13 », in diameter (fig. 3, H; 
fig. 5, V, a-e). Some time later they usually germinate by putting forth a 
vegetative germ hypha (fig. 3, I, J; fig. 5, W, a, b), but occasionally where a 
temperature near 10° C. is maintained they will form a papilla of de- 
hiseence (fig. 5, X, a, b) and discharge their protoplast to develop externally 
into a secondary swimmer. Each instance of such repetitional development 
leaves behind an empty subspherical cyst envelope that bears an evacuation 
tube open at its tip (fig. 5, Y, a, b). 

As a rule when the germ hypha from an after-ripened oospore of 
Pythium ultimum has reached a length well in excess of 100, (fig. 1, A; 
fig. 5, Z) it is little likely to serve as an evacuation tube, but will almost 
certainly continue growth, whether under cold or under warm conditions, 
as a vegetative filament. In pure water such a germ hypha will often attain 
a length of 2 or 3 millimeters and may then, after some little branching, 
give rise to a conidium or in occasional instances to 2 or 3 conidia. The 
globose asexual reproductive bodies thus formed, either in interealary (fig. 
1, E, a-y) or in terminal positions (fig. 1, E, z), commonly measure 7.5 to 
20 » in transverse diameter. They are, of course, rather markedly smaller 
than the general run of ordinary conidia developed on well nourished my- 
celium in vigorous cultures. If the water in which they have been newly 
formed is replaced at intervals and if they are kept at a temperature near 
10° C., a substantial proportion of them (fig. 1, F—N) will develop as 
zoosporangia by putting forth an evacuation tube (fig. 1, F—N:t) and then 
discharging their contents into a vesicle to be fashioned into motile zoo- 
spores. 

In Pythium debaryanum production of zoospores is a commonplace 
phase of development and might, indeed, be nearly as familiar among stu- 
dents of plant diseases as Hesse’s binomial, if only during winter our labora- 
tory buildings were not heated so inexorably for tropical comfort. At the 
bracing temperatures between 16° and 18° C., which can sometimes be 
maintained in individual rooms by shutting off all radiators and closing all 
inside doors, ordinary conidia of the fungus will usually give rise to zoo- 
spores in ample abundance within a few hours after they have been placed 
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in a shallow layer of water, directly following their removal from maize- 
meal-agar cultures 10 to 20 days old. In an agreeably cool laboratory, zoo- 
spore production will often intrude spontaneously. Thus, in my experience, 
when thin slabs excised from agar cultures were examined under the micro- 
scope in sparingly moistened covered preparations, numerous conidia 
around the margin would frequently begin germinating within 30 minutes 
and in about 2 hours. would be liberating active zoospores. More prolific 
zoospore development may be obtained through shallow irrigation of slabs 
excised from young Lima-bean-agar plate cultures. 

The sexual reproductive apparatus of Pythium debaryanum, when con- 
sidered collectively, is not difficult to distinguish from that of P. ultimum. 
In monoclinous units adjacent antheridia of cylindrical shape (fig. 7, A-D: 
a) are usually infrequent, and often are to be discovered only after some 
search. Most commonly antheridia of monoclinous origin are borne ter- 
minally on a branch arising at a distance from the oogonium about equal to 
the diameter of that organ (fig. 7, B-D: b; E-Q; R, a, b; 8, a; T, d). On 
the whole the hyphal connection between the apposed sex organs would 
seem to correspond well to that shown in the relevant figures given by 
Hesse (1874, Tafel II, figs. 13, 14). Occasionally a male branch bearing a 
terminal antheridium may supply also an interealary antheridium (fig. 7, 
S, b) provided with a protuberant part in contact with the oogonium. In 
diclinous reproductive apparatus the antheridium may be sessile (fig. 7, 
T, ¢), or may be borne terminally on a branch (fig. 7, A, b, c). As antheridial 
branches are conspicuously longer and more circuitous on moist agar media 
than on drier substrata, sexual apparatus produced on irrigated material 
appropriate for study of zoospore production often has a characteristically 
rangier appearance than the reproductive units illustrated herein (fig. 7, 
A-T). 








Fig. 8. Germination of oospores fram. 90-day-old maizemeal-agar plate cultures of 
Pythium debaryanum; all parts drawn to a uniform magnification with the aid of a 
camera lucida; x 1000 throughout. A-F, Fully after-ripened oospores. G, Oospore in early 
stage of germination. H, Oospore with short germ tube, t, surmounted by eap of de- 
hiscense. I, Empty envelopes of oogonium, oospore, and evacuation tube, t; v, vesicle 
containing uncleaved protoplasmic mass. J, Empty envelopes of oogonium, oospore, and 
evacuation tube, t, together with cluster of nine encysted zoospores, a—i. K-N, Empty 
membranous envelopes of oogonia and oospores, together with the concomitant encysted 
zoospores lying around or near the open tip of the evacuation tube, t, in numbers of nine 
(a-i), four (a-d), nine (a-i), and ten (a-j), respectively. O, Membranes left after ger- 
mination of oospore by development of zoospores: a, empty antheridium; t, open evacua- 
tion tube; the oospore envelope here shows no separation of layers. P, Membranes like 
those in O, but oospore envelope here showing extensive separation into two layers. Q, 
Empty membranes of sexual reproductive units, a—j, including envelopes of oogonium, 
oospore, and evacuation tube, t, left after germination of oospore by production of 
zoospores; the oospore envelope not extensively separated into two layers. R, Empty 
membranes of sexual reproductive units, a—j, like those in Q, but oospore envelopes here 
somewhat more markedly or more extensively separated into two layers. S—-V, Encysted 
zoospores, each germinating by production of a germ tube. 
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After fertilization is accomplished, development within the oogonium 
proceeds in Pythium debaryanum much as in P. ultimum. In the later 
stages of maturation an oospore may show several reserve globules (fig. 7, 
A, B). Completely mature oospores reveal the unitary internal organiza- 
tion most usual among members of the genus—a single central reserve 
globule being surrounded by a densely granular parietal layer within which 
is imbedded a single refringent body (fig. 7, C-S; T, a, b). The refringent 
body would seem generally somewhat more strongly flattened in P. debary- 
anum than in P. ultimum. The yellowish inner layer of the oospore wall is 
markedly thinner—commonly by about .4 or .5 »—in the former species 
than in the latter. Indeed all associated membranous parts—the oogonial 
wall as well as the envelope of the antheridium and its supporting branch— 
appear generally thinner in P. debaryanum, are more often discernible 
only with difficulty, and are wont to vanish from sight earlier than in 
P. ultimum. Contrary to expectations that might be suggested by their less 
formidable incasement, the oospores of P. debaryanum are usually a little 
slower to show the internal changes which accompany after-ripening. On 
being stored for 90 days at ordinary room temperatures, maizemeal-agar 
plate cultures of P. debaryanum will often show approximately one-third 
of the oospores in a fully after-ripened condition, whereas in similar cul- 
tures of P. ultimum more than three-fourths will be ready for germination. 

In Pythium debaryanum as in P. ultimum oospores capable of prompt 
germination (fig. 8, A-F) closely resemble conidia of mycelial origin-—the 
wall being markedly reduced in thickness through resorption on its inner 
side, and the protoplasmic mass appearing of relatively uniform granular 
texture except for about a dozen globular vacuoles indistinctly visible in 
the central region. When some fresh water is supplied the oospore forms a 
protuberance that soon pushes against the oogonial envelope (fig. 8, G) 
and breaks through that barrier to elongate externally as a germ tube. 
Under warm conditions, as for example, at 28° C., a mycelium is regularly 





produced. At lower temperatures—I have used mainly temperatures near 
10° and 17° C.—the germ tube likewise often keeps on growing vegeta- 
tively, but often, again, it stops growing when it has reached a length be- 
tween 5 and 15 (occasionally when it has reached a length of 20) and 
becomes modified as an evacuation tube (fig. 8, H, t) by forming a hyaline 
cap of dehiscense. The protoplasmic materials migrate through the tube 
(fig. 8, I, t) to collect within the vesicle (fig. 8, I, v) formed by inflation of 
the hyaline cap, and there are fashioned into laterally biciliate zoospores in 
the manner usual for the genus. In instances where from localized scarcity 
of water the zoospores are constrained to encyst in a cluster (fig. 8, J, a—i) 
or in a looser group (fig. 8, K, a-i; L, a~d; M, a-i; N, a—j) near the empty 
membranous envelopes, it is evident that oospores of average dimensions 
commonly yield about 9 or 10 swarmers, while others give rise to greater or 
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lesser numbers commensurate with their size. The empty membranous parts 
to which the antheridial envelope (fig. 8, O, a; P, a) is occasionally found 
attached sometimes shows the oospore wall with rather little or no separa- 
tion into 2 layers (fig. 8, K-O; Q, a—j), but sometimes, again, fairly exten- 
sive separation (fig. 8,1; J; P; R, a—j) may be observed. The empty evacua- 
tion tube (fig. 8, I-P: t; Q, a-j: t; a-j: t) terminates abruptly without 
being widened or reflexed at the mouth, much as in P. ultimum, though 
generally it is shorter than in that species. The zoospores obtained through 
germination of oospores are indistinguishable, both in their motile and in 
their eneysted condition, from those produced from sporangia of mycelial 
origin. After encystment they usually germinate by putting forth a vegeta- 
tive germ hypha (fig. 8, S-V), yet at suitably low temperatures they some- 
times form a papilla of dehiscence (fig. 8, J, f-i; K, h; M, f, g; N, h, i) 
and individually discharge their contents to be converted externally into a 
secondary motile zoospore. Where repetitional development has taken place, 
the empty cyst wall (fig. 8, K, i; L,d: M, h; N, j) bears an evacuation tube 
commonly 1.5 to 2.5 » long and approximately 2 » wide. 

That after-ripened oospores of Pythium debaryanum will readily yield 
zoospores on germination is not surprising since the ordinary conidia of this 
fungus can usually be made to function as zoosporangia, whether they were 
nourished on artificial media, on mature vegetable tissues, or on seedlings 
of cultivated plants. In P. ultimum, however, production of zoospores 
from after-ripened oospores finds little analogous parallelism in the ger- 
minative behavior of the ordinary asexual conidia, though in a morphologi- 
eal sense these are hardly to be distinguished from the generally smaller 
conidia of germinative origin that so frequently develop as zoosporangia. 
Superior capabilities for zoospore formation have earlier been noted 
(Drechsler 1946b) in the after-ripened parthenospores of my P. anandrum, 
yet in that species zoospore development from ordinary asexual conidia is 
a well ascertained phase of reproduction, and can usually be induced with 
some patient effort. As has been mentioned previously (Drechsler 1946a), 
zoospore development in P. ultimum would seem adapted more especially 
for bringing about infection of rootlets in the deeper levels of the soil dur- 
ing the early cool part of the growing season—a frequent type of infection 
well exemplified in the sweetpotato rootlet rot from which the fungus shown 
in figures 4 and 5 was originally isolated. 


SUMMARY 


1. The features distinguishing Pythium ultimum and P. debaryanum 
in the formative and mature stages of sexual reproduction are reviewed and 
illustrated. 

2. Oospores of both species become capable of germination after a rest- 
ing period during which they aequire the structural characters of conidia. 
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3. At temperatures near 10° C. after-ripened oospores of P. ultimum 
will often germinate by producing zoospores. 

4. Conidia formed on germ hyphae extended from after-ripened oospores 
of P. ultimum will likewise frequently develop as zoosporangia. 

5. After-ripened oospores of P. debaryanum will readily give rise to 
zoospores at 10° C. as well as at temperatures near 17° C., their germina- 
tive behavior not differing noticeably from that of the ordinary conidia 
produced asexually by the fungus. 

DIVISION OF VEGETABLE CROPS AND DISEASES, PLANT INDUSTRY STATION, 

BELTSVILLE, MARYLAND 
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DIFFERENTIAL REACTIVITY IN SIX SPECIES OF TRILLIUM 
Pau. C. BAILEY 


Exposure to cold treatment for a sufficient length of time produces 
regions of differential reactivity along the length of metaphase and anaphase 
chromosomes of Trillium (Darlington and LaCour 1940). These differential 
segments usually appear to be understained and of reduced diameter. Ac- 
cording to Darlington and LaCour (1940) each chromosome has a charac- 
; teristic pattern of differential reactivity, although the size of the segment 
may be subject to some variation. 

The length of cold treated chromosomes has also received attention. Dar- 
lington and LaCour (1940) report that the chromosomes ‘‘remain their 
usual length’’ after cold treatment. Wilson and Boothroyd (1944) observed 
‘‘sreater than normal mitotic contraction’’ of chromosomes of Trilliwm 
after exposure to low temperatures. Bailey (1949) found that the chromo- 
we somes of T. erectum L. measured 93.5% of their normal total length after 
cold treatment. 

Salord (1949) with respect to contraction of the chromosomes of T. 
grandiflorum (Michx.) Salisb. after exposure to cold treatment states that, 
‘‘the contractions which Wilson and Boothroyd (1944) observed in the non 
differentiated regions, do not exist in individuals observed in this species’’. 
In 7. luteum (Muhl.) Harbison he states that, ‘‘at 3°, 2°, and 0° C. the be- 
havior of the chromosomes is the same as the surrounding temperature of 
plus or minus 20° C.’’ Speaking of T. sessile L. Salord (1949) says that, 
‘‘this species has made it very obvious that the contraction not only varies 
from species to species but also considering in each species individuals of 
identical size, the interspecific difference among them is less than that ob- 
served in the same species among individuals of different sizes (ef. Resende, 
Salord, and Leite-Rio. 1949) ’’. 

Darlington and LaCour (1938) suggest that differential reactivity may 
be used as a genetic and taxonomic indicator, a criterion of variation be- 
tween species. Studies by Wilson and Boothroyd (1941 and 1944) and 
Bailey (1949) show that the pattern of differential segments produced as 
a result of cold treatment is not the same in 7’. erectum L. collected in Can- 
ada and T. erectum L. collected in Tennessee. This indicates that the posi- 
tion of differential segments is not constant and specific for a given species. 
Perhaps there are certain segments which are constant and specific as to 
position for a given species, but this remains to be seen. It was the primary 
purpose of this study to determine whether the pattern of differential seg- 
ments is the same or different in six of the sessile species of Trillium collected 

in Alabama. 
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Materials and methods. Six different species of Trilliwm were used in 
this study. Rhizomes were collected from various localities and fresh grow- 
ing root tips were used as a source of material. Trillium decumbens Harbison 
was collected from Blount County, Alabama, Trillium sessile L. from Shelby 
County, Alabama. Trillium lancifolium Raf. from Tuscalloosa County, Ala- 
bama and Trillium recurvatum Beek and Trillium staminewm Harbison 
from Cullman County, Alabama. Rhizomes of Trillium luteum (Muhl.) 
Harbison were furnished by Dr. Joe A. Chapman of Carson-Newman Col- 
lege, Jefferson City, Tennessee. Cold treatment was provided with a com- 
mercial electric refrigerator which maintained a fairly constant temperature 
at 3° C. The cold-treated root tips were secured from rhizomes which had 
been potted in peat moss before being transferred to the refrigerator. All 
tips used in this study were exposed to cold for 96 hours. 

All material for study was prepared using the Feulgen technique to- 
gether with a squash method (Woodard 1948). All measurements were made 
on metaphase chromosomes using an ocular micrometer. 

Observations and discussion. Trillium decumbens Harbison. The reg- 
ularly recurring pattern of differential segments produced after exposure 
to 3° C. for 96 hours in T. decumbens Harbison is shown in figure 1. Chro- 
mosomes A, B, and C show regions of differential reactivity whereas chro- 
mosomes D and E fail to show any such regions. 

Chromosome A failed to show any differential segments in about 20 per 
cent of those studied. In the 80 per cent which did show regions of differen- 
tial reactivity the segment appeared as a sub-median, understained line 
reaching across the diameter of the chromosome. The portion of the chro- 
mosome arm distal to the differential segment is 10.9 microns in length 
whereas the proximal portion is 3.3 microns. This makes a total length of 
14.2 microns for the long arm of chromosome A. The short arm measures 1.6 
microns, making a total length of 15.8 microns for chromosome A. 

Chromosome B shows two regions of differential reactivity as a result 
of cold treatment. One of these differential segments is the region of the 
primary constriction which is 1.4 microns long. The other differentially 
reactive segment of chromosome B is a sub-median one located in the long 
arm. It is 0.8 micron long. The distal portion of the chromosome arm is 8.8 
microns whereas the proximal portion is 3.0 microns long. This makes a 
total length of 12.6 microns for the long arm of chromosome B. The short 
arm of chromosome B measures 6.6 microns making a total length of 20.6 
microns for chromosome B. 

Chromosome C shows two regions of differential reactivity, one in each 
arm. The differential segment in the short arm is a sub-median one and is 
0.8 micron long. The distal portion of the short arm is 2.5 microns long 
whereas the proximal portion measures 4.0 microns in length. This gives a 
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length of 7.3 microns for the short arm. The differcutial segment in the long 
arm of chromosome C is a sub-median one, 1.6 microns long. The proximal 
portion of this arm is 3.3 microns whereas the distal portion measures 5.9 
microns. This gives a total length of 10.8 for the long arm and a total length 
of 18.1 microns for chromosome C. 

Chromosomes D and E show no regions of differential reactivity after 
cold treatment for 96 hours. Chromosome D shows a total length of 19.1 
microns and chromosome E a length of 30.6 microns after exposure to cold. 
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Figs. 1-6. Diagrammatic analysis of chromosome morphology of several species of 
Trillium after cold treatment. Fie. 1. T. decumbens Harbison. Fic. 2. T. lancifolium 
Raf. Fic. 3. T. luteum (Muhl.) Harbison. Fie. 4. 7. stamineum Harbison. Fie. 5, T. 
recurvatum Beck. Fie. 6. T. sessile L. All figures are drawn to scale at an approximate 
magnification of x 1240 after reduction. 


The total length of the chromosome set (2n) after cold treatment is 208.4 
microns. Before cold treatment (Bailey 1951) the total length was 166.6 
microns. This gives an increase of 41.8 microns as a result of cold treatment. 
The arm-length ratios are approximately the same before and after exposure 
to cold. 

Trillium lancifolium Raf. Two chromosomes of T. lancifolium Raf. reg- 
ularly show regions of reduced diameter and staining capacity as a result 
of cold treatment (fig. 2). Chromosome B shows one region of differential 
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reactivity in the short arm after exposure to 3° C. for 96 hours. This is a 
terminal differential segment and is 6.1 microns long. The portion of the 
chromosome arm proximal to this segment measures 4.3 microns, making a 
total length of 10.4 microns for the short arm. The long arm of chromosome 
B measures 13.4 microns. This gives a total length of 23.8 microns for chro- 
mosome B. 

Chromosome C shows two regions of differential reactivity, one in each 
arm. The differential segment in the short arm is a terminal one and meas- 
ures 2.7 microns. That portion of the short arm proximal to this segment is 
6.1 microns. The differential segment in the long arm is a sub-median one 
and is 0.8 micron in length. The proximal portion of the long arm measures 
3.3 microns whereas the distal portion measures 6.3 microns. This gives a 
total length of 19.2 microns for chromosome C. 

Chromosomes A, D, and E fail to show any differentially reactive regions 
after cold treatment. Chromosome A shows a total length of 16.1 microns, 
chromosome D 24.1 microns, and chromosome E 29.5 microns after exposure 
to cold. 

The total length of the diploid chromosome set after cold treatment was 
225.4 microns whereas before treatment the total length was 192.9 microns 
(Bailey 1951). Arm-length ratios are approximately the same before and 
after cold treatment. 

Trillium luteum (Muhl.) Harbison. Chromosomes A and E of T. luteum 
(Muhl.) Harbison (fig. 3) fail to show any differential segments after ex- 
posure to cold. Chromosome A shows a total length of 16.3 microns whereas 
chromosome E has a total length of 29.1 microns after treatment. 

Chromosome B shows one differential segment after cold treatment. This 
segment is a terminal one located in the short.arm and measures 3.7 microns. 
The proximal portion of the short arm is 3.3 microns long. The long arm 
measures 14.2 microns, making a total length of 21.2 microns for chromo- 
some B. 

Chromosome C shows three regions of differential reactivity. The pri- 
mary constriction is one differential region and is 1.2 microns in length. A 
sub-median differential segment is found in each arm of chromosome C. 
The differential segment in the short arm is 1.0 micron long. The length of 
the chromosome arm distal to this segment is 2.3 microns whereas the proxi- 
mal portion is 3.1 microns in length. This gives a length of 6.4 microns for 
the short arm. The differential segment located in the long arm is 0.9 micron 
in length. The distal portion of the chromosome arm is 7.9 microns and the 
proximal portion is 2.9 microns. This gives a length of 11.7 microns for the 
long arm and a total length of 19.3 microns for chromosome C. 

Chromosome D regularly shows a terminal differential segment in the 
short arm. This segment measures 1.6 microns. The proximal portion of this 
chromosome arm is 8.3 microns. A sub-median differential segment is found 
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in the long arm. This segment is very short and appears only as an under- 
stained line across the diameter of the chromosome arm. The proximal por- 
tion of this chromosome arm measures 3.3 microns and the distal portion 
9.1 microns. This gives a total length of 22.3 microns for chromosome D. 

The total length of the normal diploid chromosome set was 193.6 microns 
(Bailey 1951). After exposure to 3° C. for 96 hours the total length is 216.4 
microns. Arm-length ratios are approximately the same before and after 
treatment. 

Trillium stamineum Harbison. Chromosomes C and D of T. stamineum 
Harbison (fig. 4) regularly show regions of differential reactivity. The 
differential segment of chromosome C is a sub-median one in the short arm 
(fig. 4). This segment is 2.9 microns long. The proximal portion of this chro- 
mosome arm is 3.3 microns in length whereas the distal portion is also 3.3 
microns long. The long arm of chromosome C is 11.4 microns in length, 
making a total length of 20.9 microns for chromosome C. 

The differential segment of chromosome D (fig. 4) is a terminal one 
occurring in the short arm. This segment measures 2.6 microns and the 
proximal portion of this chromosome arm is 8.3 microns in length. The long 
arm measures 12.4 microns, giving a total length of 23.3 microns for chro- 
mosome D. 

Chromosomes A, B, and E fail to show regions of differential reactivity 
after cold treatment. Chromosome A measure 15.7 microns, chromosome 
B 22.7 microns, and chromosome E 26.4 microns. 

Before cold treatment the normal chromosome set (2n) of 7. stamineum 
Harbison measured 179.9 microns. After cold treatment the total length was 
218.0 microns. Arm-length ratios are approximately the same before and 
after cold treatment, but somewhat larger after treatment. 

Trillium recurvatum Beck. Only one differentially reactive segment oc- 
eurs in the chromosome complement of 7. recurvatum Beck (fig. 5). This 
segment is a terminal one found in the short arm of chromosome B and 
measures 3.3 microns. The proximal portion of this chromosome arm is 3.9 
microns in length. The long arm of chromosome B is 14.1 microns long. This 
gives a total length of 21.3 microns for chromosome B. 

Chromosomes A, C, D, and E show no differential segments after expo- 
sure to cold. After cold treatment chromosome A measures 17.7 microns, 
chromosome C 15.7 microns, chromosome D 19.9 microns, and chromosome 
E 26.6 microns. 

The total length of the diploid chromosome set for T. recurvatum Beck 
before cold treatment measured 180.1 microns whereas after treatment the 
total length measured 204.4 microns. No significant variations occur in the 
arm-length ratios before and after cold treatment. 

Trillium sessile L.. Chromosomes B, C, and D in T. sessile L. regularly 
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show regions of differential reactivity as a result of cold treatment (fig. 6). 
The differential segment found in chromosome B is a terminal one located 
in the short arm. This segment measures 3.2 microns in length whereas the 
proximal portion of this arm is 3.2 microns long. The long arm of chromo- 
some B is 14.0 microns in length, making a total length of 20.4 for chromo- 
some B. 

Chromosome C shows two differential segments in its long arm. Both 
differential segments measure 0.8 micron in length. The proximal portion of 
this arm is 3.2 microns long, the distal portion 2.6 microns, and the unaf- 
fected portion between the differential segments measures 3.2 microns. The 
short arm is 6.6 microns in length, giving a total length of 17.2 microns for 
chromosome C, 

Chromosome D shows one sub-median differential segment located in its 
long arm. This segment is 0.8 micron in length. The proximal portion of this 
chromosome arm is 3.2 microns long whereas the distal portion measures 
8.9 microns. The long arm is 9.3 microns long, making a total length of 22.2 
microns for chromosome D. 

Chromosomes A and E fail to show differential reactivity as a result of 
cold treatment. After treatment chromosome A measures 15.4 microns and 
chromosome E shows a length of 28.5 microns. 

Before cold treatment the normal chromosome set (2n) for T. sessile L. 
measured 177.9 microns (Bailey 1951). After exposure to cold the total 
length of the chromosome set measured 207.4 microns. Arm-length ratios 
show no significant variations before and after cold treatment. 

Comparative data on the chromosome morphology of the six species of 
Trillium included in this study is summarized in Table 1. Table 1 shows the 
total length of the chromosome (2n) complement after cold treatment as 
well as the length of individual chromosomes and the length of the chromo- 
some arms. 


SUMMARY 


1. The pattern of differential segments produced as a result of cold 
treatment for 96 hours is different in each of the six species included in this 
study. 

2. The total length of the diploid chromosome set increases after cold 
treatment in each of the six species. The increase ranges from 22.8 microns 
in T. lutewm (Muhl.) Harbison to 41.8 microns in T. decumbens Harbison. 

BIOLOGY DEPARTMENT, ALABAMA COLLEGE 

MONTEVALLO, ALABAMA 
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EFFECT OF VARIABLE VAPOR CONCENTRATIONS OF 
‘8. ETHEREAL OILS UPON TRANSPIRATION 
} AND WATER ABSORPTION' 


M. GamIL 


It has been assumed that the ethereal oils may be a factor regulating the 
rate of transpiration. But a survey of the literature on the subject discloses 
that, except for some few meager experiments, no attempts have been made 


LO- 
=. to verify this assumption. 
At the middle of the last century (1862) the physicist Tyndall reported 
some experiments in which he passed air through cylinders of cardboard 
soaked in various essential plant oils, and then determined its perviousness 
to thermal radiation in each case. He came to the conclusion that a layer of 
air, saturated with the vapor of an ethereal oil is much less pervious to heat 
radiations than an equally thick layer of pure air. Detto (1903), showed 
that the statistics of the plants of Germany indicated the lack of an over- 
balance of aromatic plants in xerophytic formations of its flora. After a 
good deal of argument he was led to believe that ethereal oils are better re- 
garded as a successful means of protecting not only leaves secreting them 
but also the reproductive organs against animals. Dixon (1914) performed 
some preliminary experiments testing the effect of some essential plant oils 
upon transpiration. In one of his experiments, Dixon found that, if the rate 
of transpiration of a branch of Syringa vulgaris L. in a current of dry air, 
was denoted by 100, this rate was reduced to about 87 if the air current was 
allowed to pass over chopped leaves of Artemisia Absinthium L. Dixon was 
of the opinion that the presence of such a heat-absorbing layer of oil vapor 
in contact with the leaves secreting them would tend to raise their tempera- 
ture. He believed that the oil vapors exerted a retarding action on evapora- 
tion from the mesophyll tissue of leaves by depressing the activity of the 
protoplasm. 

Thus we see that, except for the few experiments of Dixon, it was not 
until the previous work of the author (Gamil 1939) that the subject of 
ethereal oils and their effect upon transpiration received any further atten- 
tion. Since that work was not published, an account of it will be given here 
before dealing with the present investigation. 

A study of the effect of several ethereal oils upon the transpiration rate 
of cut branches of Eucalyptus rostrata Schlecht. and Alhagi maurorum 
Medic., and whole plants of Mentha piperita L. and Euphorbia Peplus L. 

1 Thanks are due to Prof. H. Said, Head of the Physiology Department for advice 
and support. 
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showed that the application of relatively low vapor concentrations of 
ethereal oils depressed their rate of transpiration. These observations were 
in accord with the results obtained by Dixon. On the other hand, the appli- 
cation of appreciably high concentrations of such oil vapors brought about 
a Significant promotion in the rate of transpiration of the same plants under 
similar conditions. It then appeared preferable to limit the investigation to 
testing the effect of only low concentrations of the vapor which were be- 
lieved to be more or less equal to those expected in nature. 

The discovery that a low concentration of an ethereal oil vapor caused 
a decrease in the rate of water-loss from a transpiring plant immediately 
raised the question of the cause of that decrease. The two possibilities that 
presented themselves in that connection were: 1—Their effect was upon the 
diffusion of water vapor from the stomatal pores and from the surface of 
the leaf. 2—Their effect was upon the diathermancy of air to radiant energy 
and consequently upon the leaf temperature of plants. 

Experiments were performed to test the influence of ethereal oils upon 
the diffusion of water vapor molecules from the surface of a moist filter 
paper. It was found that the rate of evaporation was always diminished 
immediately after the addition of an oil vapor. It was assumed that the 
vapors of these ethereal oils, forming a shell in the immediate vicinity of 
the moist surface, might be regarded as a physical boundary, which would 
obstruct the diffusion of the water molecules. The fact that transpiration 
is essentially a process of evaporation led the author to expect that ethereal 
oils might influence the process in much the same way as they influence 
evaporation. 

In support of the second possibility, a simple experiment showed that 
air saturated with an oil vapor transmitted less thermal radiation than oil- 
free air. A glass tube, 50 em. long and 5 em. in diameter, was fitted with cork 
stoppers at the ends. Each cork had a central circular aperture, 2 em. in 
diameter, which was perfectly closed by a cover-slip cemented with Canada 
Balsam on the inner side of the cork. Through a hole in the cork there 
passed a delivery tube by means of which the tube could be charged with 
the required atmosphere. The tube was placed between a source of heat at 
one end and a thermopile at the other end. The tube was first filled with 
ordinary air and the deflection of a sensitive galvanometer spot noted. The 
tube was then charged with oil-saturated air and the new deflection ob- 
served. In that way experiments showed that thermal radiations were trans- 
mitted less freely through air saturated with an oil vapor than through 
pure air. 

Recognizing this fact, an attempt was made to show that the leaf of a 
plant in an oil-saturated atmosphere would be slightly cooler than the leaf 
of another plant under ordinary atmospheric conditions. Two glass tubes, 





low 


iv #1 


wh ee —_— ~~. 


L. 79 


| of 
vere 
)pli- 
out 
der 
1 to 
be- 


sed 
ely 
hat 
the 
of 


rey 


Nn 
ter 
1ed 
the 

of 
ild 
jon 
eal 


ice 


lat 
vil - 
rk 
in 
da 
re 
th 
at 
th 
he 
b- 


rh 


a 
af 


1952] GAMIL: VAPOR CONCENTRATIONS OF ETHEREAL OILS 461 


about 20 em. long and 5 em. in diameter and fitted at one end with cork 
stoppers similar to those described above, were supported horizontally and 
inclined to each other towards an electric lamp with a reflector behind. 
Facing the distal unstoppered end of each tube there was a leaf of a potted 
plant holding an iron-constantan differential thermocouple on its lower 
surface and receiving the rays emerging from the tube normal to its upper 
surface directly over the thermocouple. The measurements of the changes 
in leaf temperature, following changes in energy receipt, were made by the 
deflection of a sensitive high resistance mirror galvanometer connected 
directly to the copper leads of the differential thermocouple. Differences of 
temperature of 1/110° C. could easily be detected. In between the two 
tubes a diaphragm of cardboard was interposed so as to prevent as much 
as possible the diffusion of the oil vapor from one compartment to the other. 
In performing an experiment, both tubes were at first filled with common 
air and the galvanometer was brought to zero, indicating no temperature 
difference between the two leaves subjected to the experiment. Into one of 
the tubes oil-saturated air was then introduced and the observed deflection 
showed the leaf temperature of the treated one to be, from 0.5 to 1.0° C. 
lower than its oil-free control. The reverse effect was true of experiments 
in which a flask containing ice-shavings replaced the lamp. Theoretical con- 
siderations indicated that hand in hand with the fall of leaf temperature 
went a drop of the vapor pressure within the leaf, thus decreasing the vapor 
pressure difference, and correspondingly retarding transpiration. 

The observed depression in the rate of water-loss in response to oil 
treatment, may not be ascribed solely to the two above mentioned factors, 
namely, the reduction of the diffusion of water vapor along the stomatal 
pores and the fall of leaf temperature, but it may also be due in part to 
some other factor or factors which will be revealed by further investiga- 
tions. 

After these experiments had been completed and before the present in- 
vestigation was started, the author’s attention was drawn to a paper by 
Audus and Cheetham (1940) on the significance of ethereal oils in regulat- 
ing leaf temperatures and transpiration rates. These authors used cherry 
laurel treated with vapors of certain essential oils. The rate of water ab- 
sorption by the treated shoots was taken as a direct measure of the tran- 
spiration rate. A dry air-current was allowed to flow through a tower con- 
taining cotton-wool soaked in the oil under test before passing through the 
chamber enclosing the plant material. In this way the applied vapor con- 
centrations were of unknown values. The general conclusions of these 
authors were somewhat different from those given above. Exposure of shoots 
of cherry laurel to streams of air saturated with vapors of some essential 
plant oils failed to produce any measurable effect on either the transpira- 
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tion rate, leaf temperatures, or stomatal resistance. Nevertheless, in some 
of their experiments rosemary oil vapor seemed to effect a small decrease in 
the transpiration rate. These authors concluded that oil vapors might pro- 
duce a reduction in the total energy incident on the leaf surface, but that 
the effect was overbalanced by an opposing effect arising from a depression 
of the transpiration rate. They attributed that depression to a toxic action 
of the vapors. It must be remembered that these authors did not use a con- 
trol arrangement running side by side with experimental treatments. This 
uncontrolled method of experiment seems open to criticism, for unless un- 
treated material is used for comparison false conclusions may be reached 
especially in eases where the effect due to treatment is small. 

From the experimental procedure followed by Audus and Cheetham it 
is obvious that it was actually the rate of water-absorption rather than the 
rate of transpiration which failed to respond to oil treatments. These authors 
formulated their conclusions on the assumption that the transpiration rate, 
during the test period, necessarily followed the rate of water absorption. 
This is not likely, as it has already been stated that the application of ethe- 
real oil vapors to a transpiring plant member did appreciably affect its rate 
of water loss. Further evidence will be given in the present paper. 

After reviewing all the work done previously in this field, it seemed de- 
sirable to carry out some further experiments in which variable concentra- 
tions of different ethereal oils would be tested. Preliminary experiments 
were performed for testing the effect of relatively high vapor concentrations 
of such ethereal oils. Cut branches of a plant not naturally producing oils 
were first used in order to investigate the possible effects of oil vapors on 
its leaves, and also to avoid any possible complications which might arise 
from the added action of the oils secreted by the plant itself. For the sake 
of comparison, experiments were then conducted with branches of a plant 
naturally secreting an ethereal oil in its leaves and treated with either its 
own or some other essential oil. Alhagi maurorum Medic. and Eucalyptus 
rostrate Schlecht. were chosen for this study. 

The experimental procedure was the one described previously. Two 
separate lots of young branches, of more or less equal weights, were used, 
one serving as a control. Branches were inserted, after taking the usual pre- 
cautions to prevent the entrance of air in the xylem, into a test tube con- 
taining water, hanging from one arm of a sensitive balance. The plant 
material was enclosed in a large glass chamber through which a flow of 
dried air was circulated by means of an electric blower at a constant rate, 
sufficient to remove all the moisture. 

At the outset of an experiment pure air was allowed to circulate and 
and the rate of transpiration was directly estimated by weighing the amount 
of moisture lost from the given branches at intervals of fifteen minutes. 
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After a period of time and when the vapor of the ethereal oil under investi- 
gation was to be admitted a bottle containing the oil was introduced into 
the air stream between the air drying materials and the chamber enclosing 
the plant material. In this way the air current was charged with the oil 
vapor before passing over the transpiring material. The vapor concentra- 
tion could be changed at will. Determinations of water-loss per fifteen min- 
utes were continued. After a further period of time the oil-container was 
removed and pure air was allowed to flow again through the chamber. A 
similar arrangement of the apparatus just described was used as a control. 
The control material was continually supplied with a current of pure, dry 
air of the same velocity as that circulating around the experimental material. 

To ensure constant light conditions, the plant material was illuminated 
continually by three 100-Watt lamps, throughout the experiment, as nat- 
ural daylight was variable. A mereury thermometer subdivided into 0.1 C. 
recorded air temperatures which used to fluctuate within + 1° C. 

The results of the experiments are illustrated in figure 1 in which the 
ordinates are milligrams of water actually lost per fifteen minutes. It has 
been thought unnecessary to reduce these amounts to a uniform area or 
weight of leaf, for the main object was just to demonstrate the changes in 
the rate of water loss of the treated plants in response to oil treatment. The 
abscissae are intervals of fifteen minutes from the start of the experiment. 

An examination of the figure demonstrates conclusively that relatively 
high vapor concentrations of ethereal oils passed over a transpiring plant 
to bring about an appreciable though gradual increase in the transpiration 
rate. 

Experiment IV was intended to demonstrate the effects of relatively 
low and higher vapor concentrations of eucalyptus oil upon one and the 
same plant material. The application of a low vapor concentration resulted 
in a slight decrease of the transpiration rate (about 5% lower than that of 
its control). After a period of one hour, the vapor concentration in the cir- 
culating atmosphere was considerably increased. This resulted in a rapid 
and considerable increment in the rate of water-loss to much above the 
normal value (about 35% higher than that of its control). After a further 
period of 45 minutes, the oil vapor was completely cut off and the rate of 
transpiration declined rapidly to a low value. It is worthy to record that 
in all the preliminary experiments, relatively high vapor concentrations 
considerably and consistently caused the plant leaves to turn yellow and 
show signs of wilting at the end of experiment. 

With regard to the depressive effect of relatively low and the augmen- 
tative effect of higher vapor concentrations of ethereal oils upon the rate 
of water loss from a transpiring plant, it is suggested that this may be due 
to changes in the permeability of the plant tissues under treatment, and 
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Fig. 1. Solid lines are the controls. The broken lines are the treated plants. The down- 
ward directed arrow marks the time when the treatment was begun. The upward directed 
arrow marks the time when the oil-vapor laden air was replaced with oil-free air. The 
ordinate is the rate of change of water content reported as milligrams per 15 minutes. 

Upper curves give the water lost from Eucalyptus rostrata. The treated shoot was 
exposed to a relatively high concentration of eucalyptus oil. The lower curves record the 
water absorbed by shoots of Schinus te. binthifolius. The treated plant was exposed to 
eucalyptus oil of a concentration of 38.5 mg. per liter of air. 


that there may be a relationship between the transpiratory values and 
changes of permeability. In this connection one is reminded of the action 
of anaesthetics in bringing about changes in the permeability of cell mem- 
branes. 
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Under the influence of an anaesthetic, such as chloroform, Lepeschkin 
(1906) showed that the exudation of water from the sporangiophore of 
Pilobolus can be diminished by a small dose of chloroform gradually applied, 
indicating a decrease of permeability, whereas a large dose increased the 
permeability. Later, numerous observations were made by Irving (1911) 
and Thoday (1913) on the effect of different doses of chloroform upon 
respiration and assimilation. Under the influence of this anaesthetic, some 
other effects upon leaves, including the exudation of drops of water on sur- 
face of leaves, have been recorded by these authors. 

Accordingly an observation of the variable responses of a transpiring 
plant to different vapor concentrations of an ethereal oil receives a plaus- 
ible explanation. The decreased water loss which followed the treatment 
with a relatively low or moderate vapor concentration is assumed to be, at 
least partly, due to a decrease of permeability, whereas a higher vapor con- 
centration increases the permeability of treated tissues to water. 

The effect of definite vapor concentrations of ethereal oils upon the 
water balance relationships of plants. In the above experiments the sup- 
ply of oil vapor was not controlled and, as a consequence, the exact concen- 
tration in the atmosphere surrounding the transpiring plant at any time 
could not be known. It seemed, therefore, necessary to study the effect of 
ethereal oils upon the water balance relationships of plants under con- 
trolled conditions of oil treatments. 

For the sake of comparison with the work of Audus and Cheetham 
(1940), who used the rate of water absorption as a measure of transpiration, 
the same procedure was followed. Two separate young branches of Schinus 
terebinthifolius Raddi. or of Alhagi maurorum were employed simultane- 
ously, one serving as a control. Each weighed about five grams and pos- 
sessed, as far as it was practicable, the four youngest leaves so that the 
samples were comparable with respect to the age factor. The cut end of 
the branch was inserted into a potometer which passed through a rubber- 
stopper fitted in the mouth of a bottle of about 750 ml. capacity serving 
as a chamber enclosing the plant material. The two chambers were im- 
mersed in a large thermostat, kept at a constant temperature of 30° C. 
throughout the course of an experiment. Each chamber was illuminated by 
a 300-Watt lamp placed at about 20 em. from the chamber. Oil was intro- 
duced at will into one of the closed circuits before the air passed through 
the chamber. Air flow through both chambers was kept equal by means of 
gas-meters. The temperature of the air was maintained constant by passing 
the air current through a glass coil immersed in the thermostat before cir- 
culating through the chamber containing the plants. At the beginning of 
each experiment the air current was allowed to run for a preliminary one 
hour before any actual estimations were recorded. At the end of the period 
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of exposure to the vapor, the weight of oil evaporated was measured, 
the number of liters of air passed through the apparatus during that period 
was recorded by a gas-meter, and the exact concentration of the oil per 
liter of air current was calculated. 

The results of three of these experiments are similar to the lower curves 
in figure 1. 

From the experimental results it is clear that the effect of applying 
eucalyptus oil vapor, at relatively high concentrations, is to bring about a 
fall in the rate of water absorption. This fall is gradual at first, but steepens 
afterwards until a very low value is reached. In each case this is accompa- 
nied by visible deleterious effects such as change of color and obvious 
wilting. Comparing this behavior with what happens in nature, one has to 
bear in mind that essential plant oil concentrations produced by volatiliza- 
tion from leaves have no effect whatsoever on the healthiness of plant 
tissues. This means that the experimental eucalyptus oil concentrations are 
undoubtedly higher than could arise by evaporation of this oil from leaves 
in nature. Upon the removal of eucalyptus oil vapor in experiments VI 
and VII (fig. 1) the treated materials did not recover their absorptive 
power, for the water absorption subsequently obtained followed more or 
less the same trend whether the oil vapor was cut off or kept on continu- 
ously. 

If we accept the general view that water-absorption is a direct measure 
of transpiration and that the rate of the former is governed by that of the 
latter, the results of the present experiments will not be in accord with those 
of the previous set of experiments, which showed that high vapor concen- 
trations of ethereal oils brought about an appreciable rise in the rate of 
transpiration. 

Consequently, there existed a doubt that a depression in water-absorp- 
tion by a treated plant, due to a high vapor concentration, is necessarily 
directly linked with a corresponding decrease in water loss. To substantiate 
this statement experiments VIII and IX were then conducted with cut 
branches of Schinus terebinthifolius Raddi. following the same procedure, 
but in addition the samples, weighing about 5 grams each, were reweighed 
at the end of the experiment. By this means, the total loss of water through 
transpiration can be compared with the gain of water through absorption. 
The results of these two experiments are practically the same as those of 
the preceding series. The rate of water-absorption, again falls off in re- 
sponse to the application of high vapor concentrations of eucalyptus and 
peppermint oils (30.7 and 35.8 mg. per liter of air-current respectively). 
On the other hand, the application of low vapor concentrations of both oils 
(16.6 and 15.0 mg. per liter of air-current) has practically no measurable 
effect upon the rate of water absorption. Moreover, these results demonstrate 
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that, in both experiments, the water content of the treated samples, relative 
to the controls, is significantly decreased. This indicates that loss of water 
through transpiration exceeds gain of water through absorption. In other 
words, the water given off by transpiration is not compensated for by the 
small amount of absorbed water, and water-loss from the treated plant tis- 
sues must have taken place at the expense of their water content. This will, 
seemingly, go on until the water content reaches a low value when the tran- 
spiration rate should eventually cease. 

Toxicity of ethereal oils. It has already been mentioned that high 
vapor concentrations of ethereal oils caused the plant samples, used in some 
of the transpiration experiments, to show some color changes and signs of 
wilting. Here again, in all the above set of absorption experiments, the 
application of relatively high concentrations of ethereal oils brought about 
visible signs of unhealthiness, discoloration and loss of turgidity of the 
treated samples. This may be due to a toxic action of such vapor concentra- 
tions, especially when applied over a long period of time. 

The toxicity of ethereal oil vapors when applied to plants at high con- 
centrations has apparently not been studied systematically. Detto (1903) 
observed that menthol vapor caused the death of a large area of leaf sur- 
face of Syringa. Audus and Cheetham (1940) reported that lemon oil vapors 
caused browning and death of large areas of cherry laurel leaves. 

Such sporadic observations seem to suggest that the vapors of all ethereal 
oils, if applied to plants at high concentrations, may have a toxie action 
and produce a general disturbance of all vital processes, from which recov- 
ery is doubtful. Conversely, it seemed reasonable to suggest that, if these 
oil vapors be applied in low or moderate concentrations which are approxi- 
mately equivalent to their concentrations in nature around the leaves of 
plants, they should exercise no harmful effects upon the treated plant tissues. 
[t must, however, be borne in mind that this suggestion does not mean that 
low vapor concentrations exert no’physiological effect on the treated plants, 
but that recovery from such effects should be quite certain. 

The effect of some varied doses of chloroform upon the water ab- 
sorption by plants. It then seemed of interest, for the sake of comparison, 
to test the effect of relatively low and high vapor concentrations of an 
anaesthetic, such as chloroform, upon the water absorption by a plant mem- 
ber. Experiment X was earried out with cut shoots of Schinus terebinthi- 
folius Raddi. In this experiment, after three hours of treatment with 196 
mg. chloroform per liter of air-current, estimations were discontinued and 
a current of pure air was kept circulating during the night. The following 
morning, after two normal absorption readings, a dose of 287 mg. per liter 
was tested. The results of this experiment gave the common form of curve 
obtained on applying low and high vapor concentrations of ethereal oils. 
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Discussion. From all the above experiments, it is clear that the effect 
of ethereal oils on a transpiring plant depends upon the concentration of 
their vapors in the surrounding atmosphere. Low or moderate concentra- 
tions, which are approximately equal to the vapor concentrations produced 
by volatilization of such oils from the surface of leaves secreting them, 
fail to produce any measurable effect on the rate of water-absorption. Such 
concentrations bring about a diminution in the rate of water-loss from the 
treated plant material. The chief effects due to such a treatment which may 
operate in bringing about this diminution appear to involve: 

(a) Their effect upon the diffusion of water vapor. Experimental evi- 
dence indicates that the water molecules will diffuse less readily into a 
layer of air which is saturated with an ethereal oil vapor than into an 
equally thick layer of pure air. The oil vapor tends to increase the distance 
that the transpired moisture must move in order to find free-air conditions. 

(b) Their effect upon the diathermancy of air to radiant heat. Experi- 
ments shows that an atmosphere of air saturated with an oil vapor exhibits 
a low transmitting power for thermal radiations. Theoretical considerations 
show that any slight fall of leaf temperature, due to the screening effect of 
an oil-saturated atmosphere, would have an effect on the vapor pressure 
of water. This would lower the rate of transpiration and be similar in its 
effect to an increase in the humidity of the air surrounding the leaf. On 
the other hand, the fall in leaf temperature due to the decreased diather- 
mancy of the surrounding air, may be opposed by a rise of temperature due 
to the diminution of the transpiration rate; consequently the leaf tempera- 
ture may not change significantly. 

(c) Their lowering effect upon the permeability of plant tissues to the 
escape of water vapor through their outermost layers. 

With increased vapor concentrations of ethereal oils the effects upon 
water absorption and the plants themselves are very striking. The absorp- 
tion of water is considerably diminished and it finally becomes nil. This is 
always associated with signs of disorganization of the tested plant tissues. 
On the other hand, the rate of water-loss is at first increased, presumably, 
due to physical changes in the cell membranes of the plant tissues. These 
changes are believed to increase the permeability of such tissues, and 
thereby decrease the resistance of water-loss through their dermal layers. 
Eventually, a gradual decline in the rate of water-loss is expected, first, 
due to an insufficiently rapid supply and, finally, due to stoppage of supply. 
Transpiration always continues after water absorption has ceased and such 
a state is no doubt injurious, since a serious saturation deficit is developed 
in the plant associated with severe wilting of the leaves. These observations 
form another argument in agreement with the conclusion previously ar- 
rived at by Stiles (1938) that water absorption is not a simple process of 
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diffusion through cell membranes of the plant tissues, but it is a vital 
process depending on the normal functioning of the protoplasm. Further- 
more, the present work proves that the uptake of water, necessary for 
growth and turgescence, is dependent on the vitality of plant issues whether 
absorption takes place through a root system or through a cut surface. 


SUMMARY 


1. Experiments are here reported in which transpiration and water ab- 
sorption by plants treated with variable concentrations of ethereal oils 
were carried out. 

2. Some of the plants studied were chosen from the groups that naturally 
secrete ethereal oils. These were Eucalyptus rostrata Schlecht., and Schinus 
terebinthifolius Raddi. For the sake of comparison, Alhabi maurorum Medic., 
which does not naturally secrete such oils, was also studied. 

3. Eucalyptus and peppermint oils were used. 

4. On applying ethereal oil vapors at concentrations within approxi- 
mately the natural range, water-absorption by the treated samples was not 
appreciably affected, but water loss from such samples was retarded. This 
retardation was reversible and was believed to be due in the main to: a. Re- 
duction of the diffusion of water vapor from the leaves. b. Reduction of 
the transmitting power of the surrounding atmosphere for thermal radia- 
tions. This would be associated with a reduction of vapor pressure gradient 
between the leaf and atmosphere. ce. Reduction of permeability of plant 
tissues to water vapor. 

5. Still higher concentrations of oil vapors had more striking effects. 
The change in the rate of water loss did not follow those changes in the 
rate of water absorption. Whereas the treated plants had a progressively 
falling rate of water absorption, yet they exhihited an increasing water-loss. 
The latter remained high at the expense of the moisture-content of the 
plant tissues, but eventually decreased to a low value. Absorption was shown 
to be a vital process dependent on the healthiness of the treated plants. 

6. The effects of some doses of chloroform upon water absorption was 
found to be similar to those of ethereal oils. 

FACULTY OF AGRICULTURE, Fouap I UNIVERSITY 
Giza, Eeypr 
Literature Cited 
Andus, L. J., & Cheetham, A. H. 1940. Investigations on the significance of ethereal 
oils in regulating leaf temperatures and transpiration rates. Ann. Bot. 
4: 465-483. 
Curtis, Otis F. 1936. Comparative effects of altering leaf temperatures and air humidi- 
ties on vapor pressure gradients. Plant Physiol. 11: 595-603. 


Detto, C. 1903. Die Bedeutung von iitherischen Slen bei Xerophyten. Flora, 92: 147- 
199. 








470 BULLETIN OF THE TORREY BOTANICAL CLUB [Vou. 79 


Dixon, H. H. 1914. Transpiration and the ascent of sap in plants. London. 


Gamil, M. 1939. An analysis of the influence of ethereal oils on transpiration. (M.Se, 


Thesis, unpublished.) 
Irving, A. A. 1911. The effect of chloroform upon respiration and assimilation. 
Bot. 25: 1077-1099. 


Ann, 


Kramer, P. J. 1937. The relation between rate of transpiration and rate of absorption 


of water in plants. Am. Jour. Bot. 24: 10-15. 
Stiles, W. 1938. The Physiology of the Plant Cell. Nature, 142: 979. 


Thoday, D. 1913. On the effect of chloroform on the respiratory exchanges of leaves. 


Ann. Bot. 27: 697-717. 
Tyndall, J. 1862. On the absorption and radiation of heat by gaseous matter. 
Trans. Roy Soe., 152: 59. 


Phil. 


B 


Ve 


Le 
nt 
ar 
th 
of 
in 
m 
av 
nt 


no 


ce 
la 
Tl 


fil 
33 
pi 
on 
ay 
br 


th 
th 


Fi 








BULLETIN OF THE TORREY BOTANICAL CLUB 
NOVEMBER, 1952 


VoL. 79, No. 6, pp. 471-484 





THE MORPHOLOGY AND CYTOLOGY OF 


LEMANEA AUSTRALIS ATK. 
(Concluded)* 


JoHN Henry Muuuany, S.J. 


Auxiliary cells, to which the zygote nucleus migrates, do not occur in 
Lemanea as they do in some genera of the Nemalionales, but numerous 
nutritive cells are formed from the sterile laterals of the carpogonial branch 
and at the tips of developing gonimoblasts. These nutritive cells first make 
their appearance at the tips of the developing gonimoblasts and at the tips 
of the sterile laterals prior to fertilization, and their number is generally 
increased as the cystocarp develops (figs. 6, 29, 32, 33). These cells stain 
more deeply with haematoxylin, and their cytoplasm is generally shrunken 
away from the terminal wall. The single nucleus remains intact within the 
nutritive cell. 

The zygote nucleus in Lemanea divides within the carpogonium, so that 
no true auxiliary cells are present, as noted above. The gonimoblasts origi- 
nate directly from the fertilized carpogonium. Figures 29 to 31 show the 
beginning of this process. The chromosomes at the metaphase of the first 
division of the zygote (fig. 29) are too minute and too closely aggregated to 
be counted with accuracy, but no convincing evidence of reduction division 
was seen in any of the specimens available. The gonimoblasts continue to 
grow and branch out on all sizes, undergoing rapid nuclear and cell division 
(figs. 31 & 32) ; their growth is apical. Soon the filaments penetrate among 
and overgrow the cells of the sterile lateral branches (figs. 32 & 33). The 
cells of the gominoblast filaments are easily distinguishable from the sterile 
lateral cells by their very large nucleoli and by their more dense cytoplasm. 
The cells of the sterile laterals are generally very vacuolate at this stage. 

When the gonimoblast filaments have become about five or six cells long, 
a migration of nuclei toward the carpogonium is initiated in some of the 
filaments (figs. 9, 33 & 34). The beginning of this migration is seen in figure 
33. In all of these illustrations it will be noted that the very much enlarged 
pit-connections are ruptured and dislodged by the nuclei as they move from 
one cell to the next. This may be best seen in figures 9 and 34 in which it is 
apparent that a considerable amount of cytoplasm is also flowing towards 
the base of the cystocarp. The sterile laterals manifest no nuclear migration, 
but remain intact. The hypogynous cell and the cells attached to it retain 
their nuclei, and their pit-connections persist unaltered. The end result of 
this cellular fusion is the formation of a sort of placental cell, such as 


a ' Tilustrations published with the assistance of the Lucien M. Underwood Memorial 
und. 
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Svedelius (1933) has reported for Asparagopsis armata, the only difference 
being that the hypogynous cell is not here involved. Figures 35 and 36 il- 
lustrate the last stages in the development of the placental cell ; at this stage, 
the cystocarp is clearly differentiated into a gonimoblast-placenta and 
sporogenous (carpospore-forming) filaments. 

The further growth and transformation of the cells of the gonimoblasts 
into mature carpospores are accomplished over several months. The filaments 
grow apically, and it is here that mitosis may be studied to best advantage. 
As the carpospores mature, their walls thicken to form the two-layered struc- 
ture to which reference has previously been made. At the same time, a muci- 
laginous sheath envelops them, and the cytoplasm and yellowish-green pig- 
ment become concentrated around the single nucleus. Distinct plastids are 
not present, but large amounts of Floridean starch may be demonstrated in 
the spores by means of the iodine test. 

In the very latest stages of cystocarp formation sterile filaments or para- 
physes may originate from the placental cell. The production of these fila- 
ments often continues late into the spring, and is more pronounced in some 
thalli than in others. 

A transverse section of a mature sexual shoot is shown in figure 10. It 
will be noted that the entire interior of the thallus is filled with maturing 
carpospores. The central axis is abundantly supplied with entwining fila- 
ments. As the season progresses with attendant decrease in rainfall and 
water level, the mature carpospore-filled sexual thalli are left exposed on 
the rocks of the stream bed. Although they may be alternately dried and 
immersed with variations in summer rainfall, germination of the carpo- 
spores is not initiated until immersion in very cold water the following 
winter. No provision for spore dissemination, other than fragmentation of 
the thalli, is apparent. 

Cytological considerations. Cell structure. Pit-connections form a very 
important feature of the cell strueture in Lemanea. They are prominent in 

Figs, 35-54. Camera lucida drawings of Lemanea australis. Fig. 35, Late stage in 
formation of placental cell; sterile cells still intact. x 600. Fic. 36. Mature placental 
cell. x 600. Fic. 37. Ten late-prophase chromosomes in one of the pseudo-parenchymatous 
cells of the cortex. x 1225. Fie. 38. Medullary cell of the cortex treated with iodine to 
show the Floridean starch granules. x 1225. Fie. 39. Early prophase. x 1225. Fie. 40, 
Desoxyribose nucleic acid flowing out from the nucleolus. x 1225. Fie. 41. Later pro- 
phase. x 1225. Fie. 42. Distinet chromatin bodies forming. x 1225. Fie. 43. First ap- 
pearance of spindle fiber attachments. x 1225. Fie. 44. Advanced prophase stage. x 1225. 
Fie. 45. Lateral view of metaphase. x 1225. Fie. 46. Polar view of metaphase; note ten 
chromosomes and central centrosome. x 1225. Fie. 47. Polar view of early anaphase. 
< 1225. Fie. 48. Early telophase. x 1225. Fie. 49. Late telophase. x 1225. Fie. 50. 
Nuclear division completed; note constriction of elastic wall and vacuolate cytoplasm. 


x 1225. Fic, 51. Beginning of cytokinesis; note centripetal furrow. x 1225. Fie. 52. 
Late cytokinesis; wall formed. x 1225. Fig. 53. Diakinesis-like chromosomes in early 


gonimoblast filament. x 1225. Fie. 54. Probable early meiotic prophase. x 1225. 
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all three successional forms of the plant (figs. 16, 19 & 34), and they are 
very useful in the study of ontogeny, because they indicate cell lineage. 
The size of the pit-connection in Lemanea is directly proportional to the 
size of the cell. Furthermore, considerable variation in their structure has 
been observed. Study of this feature of Lemanea would seem to indicate that 
the diverse opinions as to the structure of the pit-connections among the 
various species of Florideae might all be verified in each species individually, 
if it were studied under diverse conditions and in different parts or dif- 
ferent successional forms of the same plant. 

In living plants the pit-connections appear to be two closely apposed 
lenses which are surrounded by a clear hyaline area (figs. 17, 20 & 21). The 
use of phase equipment failed to reveal any distinct membrane between the 
lenses. Only in stained specimens can a delicate membrane be discerned 
from time to time. Methyl green has been an effective tool for demonstrating 
this membrane in the Chantransia-stage, but it may also be perceived in 
some haematoxylin preparations, as a scrutiny of figures 31 and 32 indi- 
cates. Figures 33 and 35 show that the haematoxylin-positive lenses are in- 
deed surrounded by a hyaline zone which, in turn, is bordered by a dense 
chromophilous ring, as Kylin (1940) has reported. Célan and Mangenot 
(1939) state that the chromophilous ring is lipoidal in nature, but no effort 
has been made to substantiate this statement, beyond observing that the 
ring is regularly blackened by osmic acid fixatives. In Lemanea, true plasmo- 
desmata may be seen passing through the lenses in some instances. That 
there is protoplasmic continuity between the cells of the cystocarp, seems 
true beyond all doubt. The function of the nutritive cells in these structures 
depends upon this continuity, and, as a matter of fact, the continuous 
strands of protoplasm can be seen microscopically. This continuity becomes 
more pronounced as the gominoblast nuclei begin to migrate towards the 
future placental cell, and when they push the pit-connections to one side 
during their migration. 

Mature vegetative cells of Lemanea, especially those of the outer cortex, 
contain a number of discoidal and branched plastids which lie in the periph- 
eral layer of cytoplasm. Special attention was devoted to a study of plastid 
ontogeny in living, meristematic regions of Lemanea in view of long con- 
tinued disagreement among cytologists as to the origin of these cell or- 
ganelles. Their ontogeny was followed in germinating carpospores, chan- 
transial filaments, apices of sexual shoots, in the developing sex organs and 
in the gonimoblasts. Direct observations of these living tissues offers no 
conclusive support for the theory that the pigmented plastids of Lemanea 
develop from either proplastids or chondriosomes. On the contrary, plastid 
development apparently occurs by progressive localization of diffuse pig- 
ment in successively older cells, in much the fashion that it is reported by 
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Stone (1932) to occur in leaf cells of potato. These pigmented denser regions 
of the cytoplasm are the plastids, which undergo segmentation in mature 
cells to form discoidal or ribbon-like bodies. In the description of the matura- 
tion of the carpogonial branch, one of the changes noted was a disintegra- 
tion or disappearance of the plastids particularly in the carpogonium; 
while living and stained Meves and modified-Benda fixations of this phase 
revealed the presence of various granules in the carpogonium, no conclu- 
sive evidence was obtained for their genetic relation to plastids, as described 
by Mangenot (1922). 

Figure 38 represents a subsurface cell of the cortex which has been 
stained with iodine. The small granules distributed throughout the cyto- 
plasm are apparent only after this treatment, and they are brick red in 
color, while the plastids remain a pale green. These granules, which may be 
demonstrated in almost any part of the plant, are the Floridean starch 
granules which represent the storage form of excess photosynthate in 
Lemanea. Tests for simple sugars on rapidly growing sexual shoots yieltled 
only negative results. 

With the exception of the placental cell of the cystocarp, all the cells of 
Lemanea are uninucleated. Nuclei in the vegetative cells are generally 
parietal in location and from 4.5 to 5.5 microns in diameter. In the cysto- 
carp cells, the nuclei are usually centrally located, and show what may be 
interpreted as haploid and diploid difference in size. This size difference is 
most obvious in the nucleoli which, as in Rhodophyceae generally, are very 
prominent. Two nucleoli frequently appear in the cells of the gonimoblast 
filaments; however, these are approximately half the size of the single 
nucleolus. It is probable that the latter is formed by the fusion of two 
nucleoli, although the fusion has not been directly observed. Living nuclei 
are optically empty except for the nucleolus. 

Faint chromatic threads may be seen radiating from nucleoli of stained 
interphase nuclei (figs. 32 & 35).,That these threads are not composed of 
desoxyribose nucleic acid, is evidenced by their negative reaction in Fuelgen 
preparations. It is very clear that in Lemanea, all of the desoxyribose 
nucleic acid is localized on the nucleolar surface (figs. 30 & 31). Critically 
differentiated haematoxylin preparations consistently give this picture. The 
Feulgen technique was used to verify this observation, in view of the sus- 
picion with which ‘‘karyosome nuclei’’ are currently regarded in cytology. 
The Feulgen technique reveals a very definite variation in the desoxyribose 
nucleic acid content of Lemanea cells; a very small amount of the acid is 
present in vegetative cells. The nucleolus of Lemanea appears to be a dual 
structure, an amphinucleolus, with the desoxyribose nucleic acid absorbed 
upon the Fuelgen-negative phase. Figures 30, 31 and 32 show that the 
amounts of these components may vary considerably from cell to cell, and 
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this would seem to have some relationship to the desoxyribose and ribose 
nucleic acid cycle in this plant. 

Mitosis and cytokinesis. The apical cells of well-developed gominoblasts 
proved to be the most favorable place for studying nuclear and cell division. 
The relatively large size of their nuclei and rapid proliferation of the cells 
make the mitotic process fairly easy to follow in these structures. But even 
here, mitotic figures are not as plentiful as they are at the meristematic 
regions of higher plants. Mitosis is a rapid process in Lemanea; a careful 
scrutiny of a sexual shoot, that has grown a full inch within the space of a 
week, may reveal no mitotie figures whatsoever. It has been clearly estab- 
lished in this investigation that nuclear and cell division occur mostly at 
night. Sexual shoots fixed in the field at 2 a.m. show the greatest number of 
mitotic figures. According to Bold (1951) nuclear division in fresh-water 
algae is most abundant at night. 

Mitosis in Lemanea appears to follow a normal course, although the or- 
ganization of the interphase nucleus is somewhat unusual. During inter- 
phase, as noted above, very lightly staining threads may be seen passing 
from the nucleolar surface to the nuclear membrane. The beginning of 
prophase is first suggested by the appearance of two centrosomes at oppo- 
site poles of the nucleus. It has not been possible to determine the exact 
origin of these bodies in Lemanea. Figure 39 is an illustration of the earliest 
mitotic stage recognized in the available material. As prophase continues, 
desoxyribose nucleic acid progressively flows out from the surface of the 
nucleolus in a centrifugal direction (figs. 40 & 41). By the time that the 
nucleolus is no longer visible, the nuclear cavity contains lightly staining 
masses of chromatin (fig. 42), but no spindle fibers are evident as yet. 
The attachment of the spindle fibers to the chromosomes occurs at a stage 
in later prophase, when the double chromatid structure of the chromosomes 
is most evident. Figure 43 shows this stage, while figure 44 is the latest pro- 
phase that was observed. 

The nuclear membrane has completely disappeared by metaphase (figs. 
11 & 45); by this time, the centrosomes are very prominent structures. 
Figure 46 is a polar view of metaphase: ten distinct chromosomes can be 
counted, attached to the central centrosome by their fibers. These chromo- 
somes separate into their component chromatids which begin to disjoin as 
they enter early anaphase. Figure 47 is a polar view of very early anaphase, 
while figure 48 shows a later anaphase stage. In metaphase, anaphase and 
early telophase the chromosomes are grouped in a distinct ring (figs. 29, 46 
& 47). This ring effect is perhaps best shown in figure 29, which is a meta- 
phase plate in the zygote. Here the chromosomes are too small to be counted 
distinctly, but there appear to be between eighteen and twenty of them. 

Telophase is manifested by a complete clumping of the chromosomes, so 
that there is no longer a possibility of making counts. The chromosomes at 
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each pole resolve themselves into an ovoid pronucleolus which has lightly 
staining threads radiating from it like those noted in early prophase and 
the interphase. Figure 49 shows centrosomes still present at the late telo- 
phase, as well as the new nuclear membranes which appear at this time. It 
has not been possible to determine the ultimate fate of the centrosomes in 
dividing cells of Lemanea. 

The vacuolate nature of the cytoplasm, which is shown in all of the 
gonimoblast cells undergoing mitosis, is very constant; it is quite possibly 
related to the fact that there is considerable delay between the completion 
of nuclear division and the initiation of cytokinesis (figs. 49 to 51). Figure 
50 shows a binucleated gonimoblast cell just prior to cytokinesis; vacuoles 
are prominent here. 

Cytokinesis in Lemanea is initiated by centripetal growth of surface 
furrows; growth of the cell wall is also centripetal. This is shown in figures 
51 and 52. A superficial ring-like furrow develops centripetally in the cyto- 
plasm, quite independently of the wall of the mother cell, although the 
elastic nature of the latter makes it constrict slightly as the furrow forms. 
A transverse wall now grows inwardly following the path of the furrow. 
The pit-connections at this stage appear to be only dense concentrations of 
cytoplasm at the region where the furrow stops its centripetal progress 
(fig. 52). No membrane can be discerned between the lenses of the pit-con- 
nections at this time. The pits are not clearly visible in older chains of 
carpospores; there seems to be a delay in the development of the lenses. 
This is somewhat analogous to the retarded development of polar nodules in 
the heterocysts of the filamentous Myxophyceae. Protoplasmie continuity 
is severed during the development of these distal gonimoblast filaments, 
and this severance is undoubtedly correlated with the circumstance that the 
carpospores which develop from these filaments will eventually function as 
individual cells. 

Meiosis. As stated previously, no evidence was obtained in the present 
investigation indicating that meiosis oceurs at the division of the zygote 
nucleus in Lemanea. On the other hand, there is incomplete direct evidence 
that meiosis may occur later in the young primary gonimoblasts. The 
nuclear divisions, which are here tentatively interpreted as suggesting 
meiosis, occur after the primary gonimoblasts attain a length of from four 
to six cells. Figures 53 and 54 suggest two distinct meiotic stages, one the 
early prophase and the other diakinetic chromosomes. It will also be re- 
called that there is a very distinet difference in the size of the nucleoli in 
mature cystocarps. Figures 31, 32 and 33 show that there are three distinct 
sizes of nucleoli in the nuclei: first, the smallest nucleoli of the haploid 
carpogonial branch and sterile laterals; second, the somewhat larger carpo- 
sporic nucleoli at the tips of the filaments; and third, the largest nucleoli 
in the presumptive diploid cells in the primary gonimoblasts. These observa- 
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tions are included herewith tentatively ; obviously, this phase of the subject 
requires further study. The fact that approximately ten chromosomes are 
present during mitosis in the apical cells of older gonimoblasts as well as 
in nuclei of vegetative cells of the sexual shoot (fig. 37) and spermatia 
(fig. 28), indicates that meiosis must occur at some time between fertiliza- 
tion and formation of the carpospores; the exact locus of this process has 
not yet been determined with certainty. 

Discussion. This investigation has shown that Lemanea australis Atk. is 
indeed a primitive member of the Nemalionales. Its primitive nature may 
be inferred from the ability of the prostrate form to survive under the most 
adverse environmental conditions, from the high degree of development of 
both the prostrate and erect phases of the heterotrichous habit of growth, 
and from the lack of true auxiliary cells as well as tetraspores. Since 
current systems of classifications of Florideae are based largely on the last 
two morphological criteria, these must be considered to be most important 
in any estimate of the position of Lemanea among the Nemalionales. 

In his original description of the species Lemanea australis Atkinson 
(1890) remarked that the species is subject to great variation dependent 
upon the nature of the stream in which it occurs. This variation appears to 
be mostly a matter of the diameter of the sexual shoot as well as the degree 
of undulation between the ‘‘nodes’’ and ‘‘internodes.’’ There is also con- 
siderable range in the color of the plants. They are very definitely green 
when young, and tend to remain so upon drying, but, as they age, there is a 
tendency to blacken when dried. This is a very flexible criterion, the more so, 
because stream conditions can modify the percentage of pigments in the 
plants. It is not unusual to have the plants turn from an olive-green to a 
brilliant red, when they are left standing in the laboratory over night. On 
the other hand, the form of the chantransial filaments seems to be a fairly 
constant feature of the species. While it has been a common practice, in 
studying plants from the general locality of the type specimen, to label as 
Lemanea australis all specimens of the sexual shoots that agree with Atkin- 
son’s original description of that stage, the local plants, with their aberrant 
chantransial filaments, show that this practice may result in confusion. 

Certain features in the reproductive cycle of this plant are especially 
deserving of attention. It has been observed that Lemanea has a type of 
carpospore germination that is quite different from that believed to be typ- 
ical of the Nemalionales (Kylin 1917). The earpospore is not liberated from 
the carposporangial wall, but remains within it, and develops in bipolar 
fashion in the manner typical of higher Florideae. In spite of this it seems 
best to refer to the asexual reproductive cells as carpospores rather than as 
carposporangia. 

Rosenberg (1935), as noted above, reported the germination of carpo- 
spores of Lemanea torulosa in laboratory cultures; here drawings of the 
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Chantransia-stage, which resulted from this effort, do not coincide with the 
writer’s observation of similar stages in the local plants. The latter’s experi- 
ence with carpospores indicates that they require a period of rest and pro- 
longed cold treatment before they are ready to germinate normally. 

The present study of the gross morphology of the sexual shoot of Lema- 
nea is in essential agreement with the findings of Atkinson. Lemanea is a 
complex uniaxial type of plant whose basic organization, derived from 
transverse divisions of an apical cell, is fundamentally similar to such 
simpler filamentous types of Florideae as Batrachospermum and Rhodo- 
chorton. 

Atkinson uses the term ‘‘procarp’’ to designate the carpogonial branch 
together with its sterile lateral branches. This, of course, is not in strict 
agreement with modern terminology, which reserves the term ‘‘procarp”’ 
for intimate combinations of a carpogonium and auxiliary cells (Fritsch, 
1945a). While the sterile lateral branches are nutritive in function, and 
have very definite ‘‘ Nahrzellen,’’ they are in no sense true auxiliary cells, 
for the zygote nucleus never migrates into them, or is there any evidence 
that they play any direct part in the production of gonimoblast filaments ; 
finally, they do not participate in the formation of the placental cell. 

Lemanea would seem to be more advanced than other Florideae, if 
theories of trichogyne evolution are correct. Svedelius (1917) holds the 
view that the carpogonium started its existence as a two-celled structure, 
and hence he interprets the persistence of the trichogyne nucleus as a primi- 
tive condition. Yamanouchi (1906) reported a trichogyne nucleus for Poly- 
siphonia violacea (Roth) Grev., and Svedelius (1915) observed a vestigial 
nucleus in the trichogyne of Scinaia furcellata. After examining hundreds 
of specimens, Cleland (1919) could not find a single case where a nucleus 
was even doubtfully present in the trichogyne of Nemalion multifidum. 
Investigation of fixed and stained as well as living trichogynes yielded no 
evidence whatever that Lemanea possesses a trichogyne nucleus, and so, if 
Svedelius’ hypothesis be correct, Lemanea is no longer primitive in this 
respect. 

The carpogonial branch of Lemanea is of special interest because of 
the opportunity it offers for the observation of the origin of plastids. There 
are three different major views as to the origin of these organelles: the first 
holds that plastids arise from localized aggregations of pigmented cyto- 
plasm; the second traces the origin of plastids to special proplastids in 
embryonic cells; the third emphasizes the genetic continuity between plas- 
tids and chondriosomes. It has been stated above that the writer’s observa- 
tions of the process of plastid formation in Lemanea support the first view as 
to plastid development, for the process is similar to that described by Stone 
(1932) for potato. 
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students of the Florideae. Oltmanns (1922) was inclined to the view that 
it should be reserved for those carposporic fructifications which are en- 
closed in a sterile pericarpal sheath. Others use it for fructifications lacking 
this sterile wall. The fructification of Lemanea, unlike that of most other 
genera of the Nemalionales, grows inwardly toward the axis rather than 
toward the exterior of the plant. The cortex of the plant protects the fructi- 
fication ; however, the appearance of the sterile paraphyses at a late date in 
the development of the plant and their origin from the placental cell at the 
base of the gonimoblast filaments, may in part justify the denomination of 
the fructification of Lemanea as a cystocarp. Moreover, Martin’s (1939) 
application of the term to the fructification of Chaetangium saccatum 
(Lamour.) J. Ag., which lacks a sterile wall, as well as Svedelius’ (1942) 
contention in regard to the use of the term for Galaraura, seem to make 
this usage acceptable in the present instance. 

It has been stated previously in this paper that the spermatium is uni- 
nucleated at the time of its liberation from the spermatangium. Drew-Baker 
(1951) considers it doubtful that the spermatial nucleus never enters a 
resting condition, as some have maintained; nevertheless in Lemanea the 
nucleus always appears to be in prophase when the spermatium is liberated. 
Kylin (1917) showed that the spermatial nucleus of Batrachospermum 
divides soon after it makes contact with the trichogyne. Cleland (1919) 
reported a similar phenomenon in Nemalion. There can be no doubt that 
this also occurs in Lemanea, as noted in the present observations. Wolfe 
(1904) and Cleland (1919) both maintain that this division makes the 
spermatium the homologue of an antheridium. While this conclusion seems 
reasonable enough, it does not seem to have been widely accepted. 

[t was pointed out above that the interphase nuclei of Lemanea show 
faint chromatic threads radiating from the surface of the nucleolus, but 
that these are Feulgen-negative. The desoxyribose nucleic acid, further- 
more, surrounds the Feulgen-negative inner core of the nucleolus as a 
sheath, and it migrates centrifugally during prophase. This condition 
should not be confused with the findings of Geitler (1935) and Doraiswami 
(1946) in Spirogyra, nor with those of Svedelius (1937) in Lomentaria. 
Lemanea does not have a ‘‘karoysome nucleus,’’ for the chromosomes are 
not formed from the nucleolus. This evidence is in substantial agreement 
with Westbrook’s (1935) report for meiosis in the sporangia of higher 
Florideae, although she found no flowing out of the chromatin from the 
nucleolus. The nucleolus of Lemanea is a double structure: the desoxyribose 
nucleic acid is aggregated on the surface, as Feulgen procedures prove. It is 
possible that this type of organization may indeed be paralleled in nu- 
merous Other eases, in which chromosomes have been said to take their origin 
from the nucleolus, which have led to so much confusion in the past. Latter 
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(1926), for example, may have been faced with this situation in Lathyrus 
odoratus, and Dangeard (1927) may have seen it in Bangia and Porphyra. 

Drew-Baker (1944) considers the terms ‘‘haplobiontic’’ and ‘‘ diplobion- 
tic,’’ which were first introduced by Svedelius (1915), as no longer adequate 
to express the complexity of morphological and cytological development that 
may occur in the Rhodophyceae. She has suggested that instead of speaking 
of ‘‘generations,’’ we speak rather of ‘‘ phases.’’ The advantages of this ter- 
minology is clear enough in the case of such polyphasic plants as Spermo- 
thamnion Turneri; in Lemanea, however, the terminology of Svedelius, 
especially as he has clarified it in a later paper (1931), seems adequate. 
If we consider the cystoearp to be an integral part of the sexual shoot, then 
Lemanea is best characterized as a diplohaplont haplobiont, as is, for in- 
stance, Liagora tetrasporifera. This, of course, presupposes that the writer’s 
hypothesis, in regard to the occurrence of meiosis in the gonimoblast fila- 
ments, is correct. 

Kylin (1937) listed the occurrence of zygotic meiosis as one of the at- 
tributes which serve to separate the Nemalionales from the higher Rhodo- 
phyceae. This criterion has been retained by such authorities as Fritsch 
(1945a) and Smith (1950). The view that zygotic meiosis is indeed charac- 
teristic of most members of the Nemalionales is based, however, as already 
noted, on very limited evidence. Drew-Baker (1944), in her review of the 
nuclear and somatic phases in the Florideae, has pointed out that there is 
considerable variation with respect to the sequence of somatic phases in the 
Nemalionales. The tentative hypothesis that has been advanced in this paper 
as to the occurrence of meiosis, adds to this variation, and tentatively places 
Lemanea in a series that culminates in Liagora tetrasporifera and Helmin- 
thocladia Hudsonii. In these last two species, tetrasporangia are formed at 
the tips of the gonimoblast filaments at the site where carpospores are ordi- 
narily produced in other species of the respective genera. While meiosis has 
not yet been observed in the tetrasporangium of these plants, its occurrence 
there is not at all unlikely. Lemanea, as noted above, forms no tetraspores, 
but the possibility of the occurrence of meiosis in the primary gonimoblast 
filaments would certainly indicate an evolutionary trend in that direction. 


SUMMARY 


1. The prostrate form, Chantransia-stage and sexual shoot of Lemanea 
australis Atk. have been studied morphologically and cytologically in both 
the living and fixed and stained condition. The plants used in this study 
were collected from Richland Creek near Nashville, Tennessee. Herbarium 
specimens of these plants have been deposited in the Herbarium of Vander- 
bilt University. 

2. The carpospores exhibit a bipolar type of germination pattern, but 
differ in their germination from other Florideae. 












3. The sexual shoot is an outgrowth of the Chantransia-stage. The plants 
are homothallic ; both male and female reproductive organs are borne upon 
internal, peripheral, generative filaments. 

4. The sexual shoot of Lemanea is a complex uniaxial type of plant, 
which arises by the transverse divisions of an apical cell and further divi- 
sion of its derivatives. 

5. Lemanea australis is a diphasic organism whose haploid number of 
chromosomes is ten. 

6. The spermatium is liberated when its nucleus is in prophase, and the 
division is completed when the spermatium makes contact with the tricho- 
gyne. The spermatium appears to have no distinct wall at the time of its 
liberation, but develops one by the time it makes contact with the tricho- 
gyne. 

7. The usually bifurcated trichogyne of Lemanea australis has no per- 
ceptible nucleus at any stage of development. 

8. No auxiliary cells occur in this plant, but there are many nutritive 
cells produced by the sterile laterals and the gonimoblast filaments. 

9. Fertilization occurs in the carpogonium. No evidence of zygotic 
meiosis has been observed ; there is some evidence that meiosis may occur in 
the primary gonimoblast filaments which are produced directly from the 
carpogonium by lateral branching. Further study will be required to estab- 
lish this tentative suggestion. Tetraspores are not formed in Lemanea 
australis. 

10. A distinct placental cell is formed at the base of the cystocarp by 
the backward migration of cytoplasm and nuclei from some of the central 
gonimoblast filaments to the carpogonium. 

11. The cells of the gonimoblast filaments mature directly into carpo- 
spores ; development is acropetal. 

12. Sterile, elongate paraphyses are produced from the base of the cysto- 
carp late in the growing season. 

13. The nucleolus in Lemanea is a dual structure whose outer layer is 
composed of desoxyribose nucleic acid and whose inner core is Feulgen- 
negative. The chromosomes are not formed in the nucleolus, but the desoxy- 
ribose nucleic acid migrates centrifugally from the surface of the nucleolus 
to form them during prophase. 

14. Plastid formation in the carpogonial branch supports the condensa- 
tion theory of plastid origin, rather than the proplastid or chondriosome 
theories. 

DEPARTMENT OF BIOLOGY, VANDERBILT UNIVERSITY 

NASHVILLE, TENNESSEE 
and 

DEPARTMENT OF BrioLogy, Sprina Hitt CoLuEGe 
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TORREYA 


FreL_p Trip REPORTS 


March 29, 1952. Point Pleasant, N. J. The attractive European widgeon was ob- 
served on its favorite pond in Point Pleasant, as well as scores of red-breasted and 
American mergansers at Shark River; laughing, Bonaparte’s, ring-billed, and herring 
gulls at Wreck Pond; and baldpates, coots, and horned grebes at scattered points. An 
eared grebe present at Shark River only a week previous (the second record of the 
species for the state) was looked for but not observed. Attendance: 13. Leader, David 
Fables. 

April 6. Appalachian Trail above Blairstown, N. J. A blustery day with a late 
winter aspect, including a brief snow cloud seen passing us in the valley below. Flowers 
were backward in their blooming and attention was given to birds as paint was applied 
to markers on the Appalachian Trail. A pileated woodpecker was heard, but un- 
fortunately he did not come close enough for us to see. Chickadees, nuthatches and other 
woodpeckers were heard as well as juncos and kinglets, but it was a typical pre-spring 
walk except for the calls of the spring peeper and wood frog. Attendance: 2. Leader, 
David Fables. 

April 12. Andover-Wallpack Ridge, Sussex Co., N. J. From Andover a gneiss area 
in the vicinity of Hewitt Iron Mines was visited. Hepatica bloomed profusely. The 
workings of the pileated woodpecker were photographed. The minerals fluorite, magnitite, 
and garnet were collected. On a limestone area at Springdale, hepatica, early saxifrage, 
and rue anemone were in bloom. Solomon’s seal was just coming through the ground 
and a large stand of betony was in the red leaf stage. Among ferns were noted rue 
spleenwort, maidenhair spleenwort, Christmas fern, marginal shield fern, maidenhair 
fern, walking fern, and rock polypody. At Wallpack a mixed limestone-shale area 
containing fessils of ammonite, brachiopod, crustacea, and trilobites was studied. Only 
hepatica was in bloom. Here also were found walking fern and maidenhair spleenwort 
on the limestone and rock polypody on the shale. Also on the shale was the rather rare 
rock club-moss, Selaginella rupestris. Flocks of bluebirds and tufted titmouse were ob- 
served. Attendance: 14. Leader, Forest P. Dexter, Jr. 

April 20. Farmingdale, N. J. We followed the usual route for the Spring trip. The 
season and the Torrey date coincided more nearly than in some other springs. The 
Dwentra was in good bloom. It seemed to the leader that there was less of it than in 
former years. Perhaps the numerous floods are gradually destroying it. No change could 
be noticed in the other plants. 

The disappointment of the day was finding the Allaire State Park closed. Visitors 
ere allowed on foot but cars must be parked out on the main road. This is a much 
traveled road with no good parking places and fully a half mile from the ruins. In 
view of Superintendent Hooper’s activity in the park, presumably with a crew of men, it 
is hoped that another spring we may not be subjected to this hazard and inconvenience. 
Attendance: 22. Leader, V. L. Frazee. 

April 27, Milford, N. J. Though it was apparently early for the green violet and 
it was not located, the other characteristic flora of the area were observed. Several 
species new to the list being compiled by the leader were added, including the purple 
cliffbrake (Pellaea atropurpurea). The stand of the two-leaved crinkleroot (Dentaria 
diphylla) is apparently shrinking, its location being on a too-much-traveled path. 
The delicateness of the flora at this season is unsurpassed by anything put forth at a 
later date. Attendance: 5. Leader, David Fables. 

May 4. Woodlands Lake, Westchester Co., N. Y. I had intended to go over some 
areas where the Club had been a couple of years or more ago, only to find that real 
estate developments had taken over a good part of the area east of Ardsley. So it goes . . . 
Attendance: 7. Leader, William Rissanen. 
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May 16-18. Sussex County Nature Conference, N. J. The thirty-eighth annual 
conference was held at Sparta with Mr. and Mrs. Wallace Husk in charge of accom- 
modations at the Manor Farm Hotel just at the end of Lake Mohawk, with the overflow 
housed at nearby Glen Lake Lodge and Rabbit’s Retreat. Dr. H. N. Moldenske led the 
botanic walks. They visited Sparta glen, local areas, and the Pines, for a total of 405 
species recorded. Dr. Moldenke is preparing in pamphlet form a new and revised list 
of the plants of the area and offered to send copies to anyone for twenty-five cents 
(Address: ¢/o Union County Park Commission, Warinaneo Park, Elizabeth, N. J.). 

David Fables and J. D’Arey Northwood led the bird walks, including the local area, 
Culvers Gap, Lafayette, Hopkins Corners, Stokes Forest, the Pines, and Woodruff’s Gap. 
The total list of 131 birds represented an all-time high. Outstanding species were: red- 
headed woodpecker, snow goose, black tern, and Florida gallinule. Jim Hawley, program 
manger, led a trip to the limestone quarries at Sparta. Lee Ellison reported pure calcite, 
graphite, pyrite, mica, and erystals of corundum among the minerals seen; described 
the trip through the plant; and explained the use made of the products. 

An evening program by Dr. Moldenke included pictures of America’s favorite wild 
flowers as included in his reeent book. Mrs. Bert Schaughency showed colored movies 
of flowers and birds taken on recent vacation trips, extending our conference to Min- 
nesota, Michigan, Virginia, and Pennsylvania. Attendance: 93. Reported by Lucey 
sartholomew. 

May 18. Kissena Park, N. Y. The Park Department still maintains the arboretum 
remaining from Parson’s nursery and we were fortunate in having some of the Park 
men who are interested in maintaining the trees and shrubs as best they can. The 
foreman and his helper knew the identity of the trees and gave the group considerable 
help in looking over the various exotic plants. Since no replacements are contemplated by 
the Park Department, and the trees and shrubs die off, this area will probably disappear 
eventually. Much of the surrounding area has been ‘‘improved’’ with playgrounds, 
ete., and the former swamp is only a muddy ditch. The leader remembers an excellent 
stand of wild rice (Zizania aquatica) which has disappeared due to filling in of the 
swamp. Aside from the plants, the group was pleasantly aware of some rather uncommon 
warblers which were passing through, bay breasted warbler for example. Attendance: 11. 
Leader, William Rissanen. 

May 31. Martha, N. J. We expected the Martha bogs to yield much more at this 
season than they did. One Arethusa was found. Plants of Habenaria blephariglottis 
were already up, buds of Pogonia ophioglossoides had formed as well as those on 
hundreds of Abama and a few Tofieldia. Utricularia resupinata remains difficult to 
relocate. Attendance: 10. Leader, David Fables. 

June 8. Van Cortlandt Park, N. Y. The open fields, woods, and swamps in the 
East Wood were studied for several hours. Typical wildflowers, shrubs, trees, and birds, 
were observed. The J. Otis Swift memorial red oak was visited on the way home. Mr. 
Swift, as a leader of nature walks had made this walk popular with many people in 
New York city and its vicinity. Attendance: 15. Leader, Jane Meyer. 

June 14-15. New Jersey Pine Barrens. At Winslow Jct., Schwalbea americana was 
seen in flower. This colony has been known for at least 74 years for there is a specimen 
in the Philadelphia Botanical Club Herbarium dated August 1878. Another rarity 
occurring with Schwalbea is Potentilla arguta, known from here since a collection dated 
July 1894. Many of the typical and lovely pine barrens plants flowering at this season 
were seen and admired here. The Blue Hole (a large pond formed by chalybeate 
springs, the bottom having a bluish color) was visited at Inskip on the Great Egg 
Harbor River. Sand myrtle and turkey beard were the most interesting plants. 

In the evening we were shown kodachromes, principally close-ups of orchids of New 
Jersey by Dave Fables and Guy Nearing, and plants of the 1951 Mt. Washington trip, 
ete., by Mildred Faust. Overnight accommodations were at the Hand-Phillips bungalows 
at Malaga Lake. 

The group went to Parvin State Park Sunday a.m. for nice views of the prothono- 
tary warbler which nests there. A colony of Helonias bullata and the big specimen of 
Suul’s oak (x-Q. saulii) were examined. Itea virginica and the fringe tree (Chionanthus 
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virginica), native in the park, were of interest. After lunch at Malaga Lake a study 
was made of swamp and dry sand thickets, noting contrast in species of woody plants 
occurring in those areas. The most unusual plant was from a swamp where a colony 
of Mt. Holly (Nemopanthus mucronata) was found. The hosts are grateful for help of 
various participants in identifying birds, amphibians, lichens, fungi, ete. Attendance: 18. 
Leader, L. E. Hand. 

June 21. Llewellyn Park, West Orange, N. J. Glenmont, the home of the late Mr. 
and Mrs. Thomas A. Edison, was the meeting place. In a tour of the homestead we visited 
the large study of the inventor on the second floor. There, as throughout, the room is 
kept as he knew it—his well worn books, his large desk, his couch, Mrs. Edison’s desk, 
and the family photographs. An expansive cast window commands a view of the New 
York skyline on a clear day. One could readily understand that such an inspiring vista 
gave added impetus to this dreamer inventor. On the grounds, we examined unusual 
specimens of the sorreltree (Oxydendrum arborewm), Carolina silverbell (Halesia 
carolina), and the Japanese snowbell (Styrax japonica). A beautiful Katsura-tree 
(Cercidiphyllum japonicum) had reached a height of 40 feet. 

The distinctive gardens of Mr. and Mrs. George Merck and Mr. and Mrs. Hendon 
Chubb were enjoyed, with 31 species of birds singing or visible en route. The bird 
species which attracted most attention was a family group of broad-winged hawks. The 
nest was placed in a fork of one of the tallest Liriodendron trees in the park, at a 
height of no less than 80 ft. The tree was in a glen. We viewed the nest from the rim 
of the glen, which offered us a good look at the two downy white young, guarded by 
one adult. This hawk is a great rodent eater and a valuable species to have in the 
vicinity. It is known to soar to great heights. Attendance: 20. Leader, Gladys Gordon Fry. 

June 22. Sinac, N. J. Although Mr. and Mrs. Monachino kept the rendezvous, the 
rain, apparently, kept the customers away. 

June 28. Roselle, N. J. A joint meeting with the American Fern Society was held 
in the leader’s fern garden where most of the larger native ferns, including mutants 
and hybrids, have been successfully established. Of special interest however is the large 
collection of English crested varieties and Japanese ferns that have proved hardy in 
the Metropolitan Area. Of special interest to rock gardeners is a small fern from Chile, 
Blechnum Pinna-marinum. This only grows about four inches high and spreads quite 
rapidly. Attendance: 32. Leader, M. D. Mann, Jr. 

June 29. Staten Island, N. Y¥. Upland field, salt marsh, and fresh water swamp 
areas were visited in a 15 mile ‘‘tour’’ of the Island. In addition to 20 genera and 
about 33 species of grasses, a large colony of Penstemon laevigatus and a ‘‘ last remain- 
ing’’ stand of Clematis ochroleuca were found. Due to continued warm weather many 
of the early blooming grasses, such as the Poas, had already lost seed and were in 
an advanced stage, while later blooming species were at their best for identification. 
Attendance: 9. Leader, Robert C. Meyer, Jr. 

July 27. Farmingdale, N. J. We explored the oaks at Farmingdale and saw a few 
exotic trees on the old Windsor Place south of Farmingdale. The site of an operation 
digging marl by steam shovel some seventy years ago was visited but the interest seemed 
more in pollywogs than in the marks of the digging. We found a few plants of Viola 
Rafinesquii still in bloom. There was a beautiful display of Lilium superbum along the 
railroad south from Farmingdale. Attendance: 12. Leader, V. L. Frazee. 

Aug. 2. Buck’s Hollow, Staten Island, N. Y¥. Of a considerable list of plants seen, 
the following were of most interest from point of numbers, appearance, or uniqueness 
to the habitat: Lilium superbum, Smilax glauca, Veronica virginica, Cornus paniculata, 
Celastrus scandens, Asclepias viridiflora, A. incarnata var. pulchra, Scrophularia lepor- 
ella, Rhexia virginica, Acer negundo, Mimulus ringens, Ludwigia alternifolia, Hypericum 
punctatum, Lycopus virginica, Silene stellata, and Rhus vernix. Attendance: 4. Leader, 
Mathilde P. Weingartner. 

Aug. 9. Wallpack Ridge, Sussex Co., N. J. The group was first shown bear’s foot 
(Polymnia uvedalia) at its only station in New Jersey, just north of Harvey’s Mill. Its 
general resemblance to the sunflowers was striking. The alluvial woods bordering the 
Delaware River yielded ostrich fern and the pale jewelweed. Riverweed (Podostemum 
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ceratophyllum) oceurred on the exposed rocks of the riverbed, while Equisetum variega- 
tum was observed a short distance back from the river. There were still a few blooms 
of the great St. Johnswort though most had gone to seed. Near Rosencranz Ferry the 
rock selaginella (S. rupestris) and ground cedar (Lycopodium tristachyum) were noted. 
The several hours afield in this region showed its great potentialities and certainly trips 
at other seasons in the future would be desirable. Attendance: 7. Leader, J. L. Edwards, 

Aug. 10. Whitesbog, Burlington Co., N. J. Six consecutive days of rain left most 
of the region considerably under water, but the Franklinia blossoms seemed larger 
than ever as a result. Cardinal flower stood almost seven feet tall! The venus flytrap and 
southern pitcher plant (Sarracenia flava) are reproducing in Miss White’s garden and 
appear very healthy. The group was impressed by the height of the sweet pepperbush 
and also by the rose-colored variety taken from a local swamp some years ago. Attend- 


ance: 4, Leader, June Vail. 
Book REVIEWS 


Wild Flowers for Your Garden. By Helen S. Hull. 280 pages; illus- 
trated. M. Barrows & Company, Inc., New York. 1952. $4.95. 

This book will not help you to identify wild flowers. You must look elsewhere for 
that. But even if you do not known the name of a wild flower in the field or woods 
it will still help you grow it in your garden if you wish to do so. It says simply and 
repeatedly to lift the plant with care to minimize root injury, preferably when the 
plant is naturally dormant, and reset it with the least delay in the part of your garden 
that has a similar environment—similar light and shade conditions, similar soil and 
moisture, and where other plants of the same type of plant community have been 
successfully reset. Mrs. Hull promptly makes the point that not all wild plants are 
easily adapted to the wild flower garden, even with this degree of care. A great con- 
tribution of her book is to give generous lists of plants which she, or some other wild 
flower garden in the United States, has found desirable and adaptable to a wild 
flower garden. 

‘*A wild flower is a native flowering species.’’ However, the book is intended to be 
useful over the whole U. 8S. and Mrs. Hull does not hesitate to encourage trying wild 
flowers in your garden that are native to another section rather than locally, provided 
the environment is similar. Her definition of a wild flower garden is: ‘‘A place where 
plants native to the United States are arranged in pleasing design and grown under 
conditions that suggest their natural state.’’ 

Much has appeared in print about nature preserves and sanctuaries but this book 
suggests that ‘‘home is a sanctuary’’ for ‘‘ preserving our heritage.’’ It also supports 
the thesis that planned new communities and housing developments would do well to 
restrain the use of bulldozers and the -thoughtless uprooting of native plants already 
established. 

Some eecoiogical principles are set forth in a general way and then specifically 
applied to the establishment of wild flower gardens on rocks, sunny fields, woodlands, 
ponds, brooks, and bogs. It is pointed out that the principles are the same regardless 
of the size of the garden so that the small place, even in town, may have such a garden. 
In each instance extensive lists of plants are suggested. A chapter is devoted to ferns, 
to wild flowers adapted to attract birds, to windbreaks, to violets, and to the terrarium 
—here called a ‘‘wonderglobe.’’ 

The second part of the book describes a wild flower garden from every state. They 
are arranged alphabetically which certainly makes for variety if reading the book 
through. However, you soon become impatient and skip to your own state, to your native 
state, and to others which excite the curiosity. Perhaps you disagree with the choice. Lists 
of plants are provided and one finds as expected that certain plants are popular in several 
states but also there is a wide diversity in the gardens from adjacent states. For 
instance, the gardens of Maine, New Hampshire, and Vermont total over 30 listed species 
with only jack-in-the-pulpit, trillium, and violets as common to all three. You may 
deeide to take this book with you on that motor tour and visit these people. 
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In the third part of the book, called ‘‘ Plants to Grow,’’ there are rather specific 
directions for propagation. This starts off with 12 favorites, named most often by wild 
flower gardeners across the country—Bloodroot, jack-in-the-pulpit, common American 
eolumbine, mertensia (Virginia bluebells), blue phlox, large-flowered trillium, trout-lily, 
hepatica, dutchmans-breeches, cardinal-flower, wild ginger, and crested iris. The order 
is that of their popularity. The following chapter has over 40 additional plants that are 
being successfully grown in wild flower gardens, though less generally. 

The fourth and last part, ‘‘ Down to Earth,’’ is devoted to propagating skills—col- 
lecting, division, seed, and purchase. These directions and precautions will be very helpful 
but no more so than the chapter on soils and that on culture and maintenance. If you 
would like to know Mrs. Hull’s idea of choice native flowering trees, shrubs, and vines, 
that will be found in the appendix. Here also are listed books, state and regional publica- 
tions, commercial suppliers of wild flower plants and seeds, and a glossary. By this time 
it will be generally agreed that the author has attained her goal, ‘‘to communicate my 
delight in growing wild flowers for the joy that is in it.’’ The full-page black and white 
photographs by Roche are very nice and we enjoyed the drawings by Alexander Seidel 
but the full-color plates disappointed us, or maybe we expected too much.—JoHN A. 
SMALL, New Jersey College for Women, Rutgers, The State University of New Jersey. 


Important Tree Pests of the Northeast. (A revision of Tree Pest 
Leaflets Nos. 1-55.) 2nd ed. 191 pages; illustrated. Evans Printing Co., 
Coneord, N. H. 1952. $2.00. 

The ‘‘Tree Pest Leaflets,’’ the first of which was published in Sept. 1936 on the 
**Eastern Spruce Gall Aphid,’’ were the result of an effort to make available to forest- 
ers, forest owners and publie officials reliable information on the various troubles af- 
fecting trees. To this end each leaflet was prepare by an expert in that particular field. 
By 1940, 300,000 eopies had been distributed, and by 1945 the supply of the bound 
volume published in 1940 was exhausted. 

Continued requests encouraged the Committee to produce the present second edition, 
which, in addition to bringing all subjects up to date, includes several new subjects 
issued as leaflets in 1950 and 1952. Space is saved by omitting the titles and affiliations 
of the various authors, a list of which, with all the accompanying details, is appended. 
Ample room is thus provided for other appendices, i.e., the common and scientific names 
of the plants mentioned, general references, an index to insects and diseases arrange.l 
according to host plants, and a general index to insects, diseases and other causes of 
injury. 

As in the first edition, the diseases and pests are conveniently arranged in allied 
groups: thus, under ‘‘Insects Attacking Forest and Shade Trees,’’ the Leaf-eating 
Insects, the Sucking Insects, and Borers and Weevils are grouped together; under ‘‘ Dis- 
eases of Forest and Shade Trees,’’ Leaf Diseases, Bark and Stem Cankers, Diseases of 
the Sap Stream, Wood Rots; under ‘‘ Joint Attacks of Insects and Fungi,’’ the Beech 
Scale-Nectria and Dying of Birch in the Northeast are assembled; and, finally, a misce!- 
laneous class is appended in which are included ‘‘ Ants injurious to trees and wood prod- 
ucts,’’ ‘Red spiders,’’ (otherwise known as mites), fire damage, damage done by wild 
life; and valuable sections on spraying and spray materials. 

Not only have all the original leaflets been completely revised, and in most cases 
re-written, but five new subjects published as separate leaflets in 1950 and 1952 are 
included. We learn that in April of this year (1952) almost 100,000 copies of reprints 
from this bound volume were distributed in the form of leaflets like the old ones and there 
are still about 40,000 copies of these revised leaflets on hand for sale to agencies who wish 
to buy them, at the original price of $1.00 per hundred. 

With such a tremendous amount of detail it is not at all surprising that one or two 
slips have been made: in the Contents, under ‘‘Wood Rots,’’ White Trunk Rot of 
Conifers should read White Trunk Rot of Hardwoods; (given correctly in the text); in 
the leaflet on Syramore and Oak Anthracnose, p. 95. ‘‘European’’ syeamore should be 
oriental sycamore, the European syeamore being ec imonly identified with the sycamore 
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maple, Acer pseudoplatanus. It would be better, indeed, in order to avoid this confusion, 
to say oriental plane. 

This reviewer feeds that this new edition with its wealth of up-to-date information 
thus carefully arranged can not be prased too highly; in fact it is difficult to find words 
to express adequately its great value to foresters, land owners and all tree lovers. The 
Committee of the Society of the American Foresters, in particular its Chairman, Dr. H, I, 
Baldwin, Director of the Fox Experimental Forest at Hillsboro, New Hampshire, are to 
be congratulated not only on this splendid addition to the literature of forestry, but also 
for making available to any interested person this treasure-chest of accurate and latest 
popular information.—A. H. GRAVEs. 
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(See also under Plant Physiology: Pringsheim) 


Brinley, Floyd J. Plankton population of certain lakes and streams in the Rocky 
| Mountain National Park, Colorado. Ohio Jour. Sci. 50: 243-250. Jl 1950. 
Hughes, Elwyn O. Closterium in central Canada. Canad. Jour Bot. 30: 266-289. 
| Mr 1952. 
Silva, Paul C. A review of nomenclatural conservation in the algae from the point 
of view of the type method. Univ. Calif. Publ. Bot. 25: 241-324. 9 Je 1952. 
Taylor, Wm. Randolph. Notes on Vaucheria longicaulis Hoppaugh. Madrono 
11: 274-277. Je 1952. 
Thompson, R. H. A new genus and new records of algae in the Chlorococcales. 
Am. Jour. Bot. 39: 365-367. 17 Je 1952. 


BRYOPHYTES 


Anderson, Lewis E. Diphyscium cumberlandianum Harvill in the southern 
Appalachians. Bryologist 55: 127, 128. Je [Jl] 1952. 

Bartram, Edwin B. Mosses of Chile and Argentina mainly collected by R. 
Santesson. Sv. Bot. Tidsk. 46: 242-253. 30 Je 1952. 

Bartram, Edwin B. New Mosses from southern Brazil. Jour. Wash. Acad. 42: 
178-182. Je 1952. 

Clark, Lois & Frye, T. C. Frullania pittieri. Bryologist 55: 130-133. Je [J1] 
1952. 

Clark, Lois & Frye, T. C. Frullania tunguraguana. Bryologist 55: 133-136. 
Je [J1] 1952. 

Crum, Howard A. Pseudosymblepharis in middle America. Bryologist 55: 
137-142. Je [Ji] 1952. 

Habeeb, Herbert. Nomenclature and other notes on mosses—II. Rhodora 54: 
156-158. Je [Jl] 1952. 

Hattori, Sinske. Ptilidium californicum and other nearctie liverworts in Japan. 
Bryologist 55: 147-149. Je [Jl] 1952. 

Herzog, Th. Hepaticae ecuadorienses a cl. d:re Gunnar Harling annis 1946— 
1947 leectae. Sv. Bot. Tidsk. 46: 62-108. 30 Ap 1952. 

Koch, Leo Francis. Mosses of Placer County Big Tree grove and Placer County 
in California. Wasmann Jour. Biol. 9: 167-179. 1951. 

Lange, Bodil. The genus Sphagnum in Greenland. Bryologist 55: 117-126, 
Je [Jl] 1952. 

McGregor, Donald L. Riccia rhenana Lorbeer in Kansas. Bryologist 55: 129, 
130. Je [J1] 1952. 

Persoon, Herman. Critical or otherwise interesting bryophytes from Alaska- 
Yukon. [continued] Bryologist 55: 88-116. Je [Jl] 1952. 
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Wagner, Kenneth A. Notes on Neckeraceae. I. New names and new species. 
Bryologist 55: 143-147. Je [J1] 1952. 


FUNGI 

Bonner, John Tyler. The pattern of differentiation in amoeboid slime molds. 
Am. Nat. 86: 79-89. Mr-Ap 1952. 

Cain, Roy F. Studies of fungi imperfecti. Canad. Jour. Bot. 30: 338-343. 
Je 1952. 

Chu, Hao-Jan. Some new Myxophyceae from Szechwan Province, China. 
Ohio Jour. Sci. 52: 96-101. Mr 1952. 

Cooke, Wm. Bridge & Shaw, Charles Gardner. Cercosporella in Washington. 
Lioydia 15: 125-128. Je [Au] 1952. 

Damon, Samuel C. Type studies in Dictyosporium, Spiera, and Cattanea. 
Lloydia 15: 110-124. Je [Au] 1952. 

Eyerdam, Walter J. A giant bracket fungus found in south eastern Alaska. 
Sv. Bot. Tidsk. 46: 131, 132. 30 Ap 1952. 

Gordon, W. L. The occurrence of Fusarium species in Canada. II. Prevalence 


and taxonomy of Fusarium species in cereal seed. Canad. Jour. Bot. 30: 


209-251. pl. 1-12. Mr 1952. 

Greene, H. C. Notes on Wisconsin parasitic fungi. [V. Am. Midl. Nat. 48: 
37-54. Jl 1952. 

Huneycutt, Maeburn B. A new water mold [Leptolegniella keratinophilum] on 
keratinized materials. Jour. Elisha Mitchell Soe. 68: 108-111. pl. 15. Je 
1952. 

Johnson, T. Cultural variability in Septoria avenae Frank. Canad. Jour. Bot. 
30: 318-330. pi. 1, 2. Je 1952. 

McKeen, W. E. Phialophora radicicola Cain, a corn rootrot pathogen. Canad. 
Jour. Bot. 30: 344-347. pl. 1-4. Je 1952. 

Nannfeldt, J. A. & Eriksson, John. On the genus Costantinella Matruchot | 
(Hyphomycetes). Sv. Bot. Tidsk. 46: 109-128. 30 Ap 1952. 

Smith, Alexander H. New records of fleshy fungi from the vicinity of the Uni- 
versity of Michigan Biological Station and Tahquamenon Falls State Park 
in Michigan. Asa Gray Buil. IT. 1: 185-194. Ap [Au] 1952. 

Thirumalachar, M. J. & Whitehead, Marvin D. Sporangial phase of Sclerospora 
butleri. Am. Jour. Bot. 39: 416-418. 17 Je 1952. 

Wehmeyer, Lewis E. Studies in the genus Pleospora. Il. Lloydia 15: 65-109. 
Je [Jl] 1952. 

PTERIDOPHYTES 
(See also under Spermatophytes: Smith, Clifton F.) 

Anderson, Lewis E. & Bannister, Thomas T. An addition to the fern flora of 
North Carolina. Jour. Elisha Mitchell Soc. 68: 81-83. pl. 8. Je 1952. 
Pichi-Sermolli, Rodolfo. The identification of Pteris microphylla Colla. Webbia 

8: 423-425. 19 My 1952. 

Wagner, Warren H. The fern genus Diellia, its structure, affinities and tax- 

onomy. Univ. Calif. Publ. Bot. 26: 1-212. pl. 1-21. 29 My 1952. 


SPERMATOPHYTES 
(See also under Genetics: Heaslip, Menzel; under Morphology: Bailey) 


Anderson, Edgar & Gage, Amy. Introgressive hybridization in Phlox bifida. 
Am, Jour. Bot. 39: 399-404. 17 Je 1952. 
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Anderson, J. P. Flora of Alaska and adjacent parts of Canada. Part IV. 
Cichoriaceae, Asteraceae (Compositae). Iowa St. Coll. Jour. Sei. 26: 
387-453. 1952. 

Baldwin, J. T. & Speese, Bernice M. Helenium curtisii: its chromosomes. 
Bull. ‘Torrey Club 79: 293-295. Jl-Au [Je] 1952. 

Barkley, Fred A. Estudios sobre las Anacardiaceae, VI. Lilloa 23: 253. 
1950 [My 1952]. 

Barros, Manuel. Una ciperdcea y dos junciiceas nuevas. Lilloa 23: 415-420. 
1950 [My 1952]. 

Beilman, August P. What tree shall I plant? Trans. Acad. St. Louis 3: 1-44. 
illust. My 1952. 

Blackburn, Benjamin. Trees and shrubs in eastern North America. 1-358. 
illust. Oxford Univ. Press. New York. 1952. 

Boyce, Steve G. & Godfrey, R. K. Distribution notes on some grasses in North 
Carolina. Castanea 17: 73-77. Je 1952. 

Calien, E. O. Studies in the genus Euphrasia L. Il. Rhodora 54: 145-156. 
Je [Jl] 1952. 

Camp, W. H. ‘Mandan rice-grass’ and a nomenclatural problem. Am. Jour. 
Bot. 39: 349-351. 22 My 1952. 

Camp, W. H. Plant hunting in Ecuador. Mem. N. Y. Bot. Gard. 8: 1-24. 
Mr [3 Ap] 1952. 

Cody, W. J. Plant collections at Ross Bay, Melville Peninsula, N. W. T. 
Canad. Field-Nat. 65: 191-194. N-D 1951 [Jl] 1952]. 

Core, Earl L. Botanizing on Panther Knob, West Virginia. Wild Flower 28: 
35-38. pl. 10-12. Ap 1952. 

Cuatrecasas, José. Notas a la flora de Colombia, XI. Revista Acad. Colomb. 8: 
297-328. illust. D 1951 [My 1952]. XII. 464-488. Je 1952. 

Davies, P. A. Geographical variations in Shortia galacifolia. Rhodora 54: 
121-124. 22 My 1952. 

Dugand, Armando. Palmas nuevas o notables de Colombia. Revista Acad. 
Colomb. 8: 385-396. D 1951 [My 1952]. 

Eaton, Richard J. Status of Phragmites communis Trin., var. Berlanderi 
(Fourn.) Fernald along the Sudbury River in eastern Massachusetts. 
Rhodora 54: 135-138. 22 My 1952. 

Florin, Rudolf. On Metasequoia, living and fossil. Bot. Not. 1952: 1-29. 
28 Mr 1952. 

Gates, R. Ruggles. Two new species of Oenothera. Canad. Field-Nat. 65: 
194-197. f. 1. N-D 1951 [Jl 1952]. 

Hardin, James W. The Juglandaceae and Corylaceae of Tennessee. Castanea 
17: 78-89. Je 1952. 

Heiser, Charles B. The sunflower among the North American Indians. Proe. 
Am. Philos. Soc. 95: 432-448. Ap 1951. 

Henderson, Robert E. The flora of Eagle Summit, Alaska. Wild Flower 28: 
27-31. pl. 7-9. Ap 1952. 

Hermann, F. J. Carex auctiformis in Indiana. Am. Midl. Nat. 48: 36. J] 1952. 

Howell, John Thomas. Plant types in the herbarium of the California Academy 
of Sciences. V. Wasmann Jour. Biol. 8: 251-254. 1950. 

Hudson, J. H. Floral list of the Mortlach District, southern Saskatchewan. 
Canad. Field-Nat. 65: 197-210. N-D 1951 [Jl 1952]. 
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Lakela, Olga. Previously unreported plants from Minnesota. Rhodora 54: 
163, 164. Je [Jl] 1952. 

Le Gallo, Pére C. Florule de la Vallée Matapédia. Nat. Canad. 79: 142-171. 
Ap 1952. 

Lee, Frederic P., et al. The Azalea handbook. American Horticultural Society 
1952. Nat. Hort. Mag. 31 spec. no.: 1-148. 1952. 

Merrill, E. D. William Jack’s genera and species of Malaysian plants. Jour. 
Arnold Arb. 33: 199-251. 7 pl. 15 Jl 1952. 

Merrill, E. D. & Steenis, C. G. G. J. van. Reductions of two Malaysian genera 
of Euphorbiaceae. Webbia 8: 405, 406. 19 My 1952. 

Meyer, Teodoro. Apociniceas argentinas, II. Aspidosperma. Lilloa 23: 29-48. 
pl. 1, 2. 1950 [My 1952}. 

Meyer, Teodoro. Asclepiadaceae argentinenses novae aut eritieae. IV. Lilloa 
23: 49-59. 1 pl. 1950 [My 1952]. 

Muller, Cornelius H. Ecological control of hybridization in Quercus: a factor 
in the mechanism of evolution. Evolution 6: 147-161. Je 1952. 

Nelmes, E. & Baldwin, J. T. Cyperaceae in Liberia. Am. Jour. Bot. 39: 
368-393. 17 Je 1952. 

O’Donell, C. A. Convolvul4ceas americanas nuevas o criticas. I. Lilloa 23: 
421-456. pl. 1-13. II. 457-509. pl. 1-18. 1950 |My 1952]. 

Pease, Arthur Stanley. A color-form of beech-drops. Rhodora 54: 140. 22 
My 1952. 

Pennell, Francis M. The identity of Hasslerella Chodat. Lilloa 23: 61, 62. 
1950 |My 1952}. 

Ponce de Leén, Antonio. Nociones de botinica sistematica V-VlIa. Revista Soe. 
Cub. Bot. 9: 13-29. Ja—Mr 1952. 

Porter, C. L. Novelties in Hermidium (Nyctaginaceae) and Astragalus (Legu- 
minosae) from eastern UtahY “*R6aore 54: 158-161. Je [Jl] 1952. 

Rollins, Reed C. A note on Halimolobus. Rhodora 54: 161-163. Je [J1] 1952. 

Rudolph, Emanuel D. More than a tree grows in Brooklyn. Bull. Torrey Club 
79: 329, 330. Je [Jl] 1952. 

Sauer, Johnathan A. A geography of pokeweed. Ann. Mo. Bot. Gard. 39: 113- 
125. My [Je] 1952. 

Schultes, Richard Evans. Contribucién al conocimiento de la flora amazénica de 
Colombia, I. Revista Acad. Colomb. 8: 397-408. 1 pl. D 1951 [My 1952]. 

Schultes, Richard Evans. Studies in the genus Micrandia L. Bot. Mus. Leafl. 
15: 201-221. pl. 65-74. 29 My 1952. 

Seymour, Frank C. Notes on Moraceae and Ulmaceae. Am. Midl. Nat. 48: 249, 
250. Jl 1952. 

Seymour, Frank C. The type of Ulmus americana L. Rhodora 54: 138, 139. 
22 My 1952. 

Shanks, R. E. Checklist of the woody plants of Tennessee. Jour. Tenn. Acad. 
27: 27-50. Ja 1952. 

Shanks, Royal E. Notes on woody plant distribution in Tennessee. Castanea 
17: 90-96. Je 1952. 

Shinners, Lloyd H. Cynanchum Grayi Shinners, nom. nov. Field & Lab. 20: 
110. Je 1952. 

Shinners, Lloyd H. The Texas species of Palafoxia (Compositae). Field & 

Lab. 20: 92-102. Je 1952. 
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Sleumer, H. Algunas flacourtidceas sudamericanas. Lilloa 23: 247-251. 1950 
[My 1952]. 

Sleumer, H. Estudios sobre el género Dunalia H. B. K. Lilloa 23: 117-142. 
pl. 1-8. 1950 [My 1952]. 

Sleumer, H. Notas sobre la flora argentina, I. Lilloa 23: 331-346. 1950 | My 
1952]. 

Smith, A. C. Plants collected in Ecuador by W. H. Camp. Vacciniaceae. Mem. 
N. Y. Bot. Gard. 8: 41-85. Mr [3 Ap] 1952. 

Smith, Clifton F. A flora of Santa Barbara [Calif.]. 1-100. illust. Santa 
Barbara Bot. Gard. 1952. 

Smith, Lyman B. A new Nymphoides [| flaccida| from Colombia. Jour, Wash. 
Acad. 42: 160, 161. 15 My 1952. 

Smith, Lyman B. Plants collected in Ecuador by W. H. Camp. Bromeliaceae, 
Cannaceae, etc. Mem. N. Y. Bot. Gard. 8: 25-34. Mr [3 Ap] 1952. 
Smith, Lyman B. & Idrobo, Jesiis M. Plants collected in Ecuador by W. H. 

Camp. Xyridaceae. Mem. N. Y. Bot. Gard. 8: 35. Mr [3 Ap] 1952. 

Smith, Lyman B. & Schubert, Bernice G. Plants collected in Eeuador by W. H. 
Camp. Begoniaceae. Mem. N. Y. Bot. Gard. 8: 36-40. Mr [3 Ap] 1952. 

Smith, Lyman B. & Schubert, Bernice G. Una nueva begonia argentina [B. 
descoleana|. Lilloa 23: 143-146. 1950 [My 1952}. 

Sparre, B. Estudios sobre las violiceas argentinas. I. Lilloa 23: 515-574. 
pl. 1-4. 1950 [My 1952]. 

Sparre, B. Systematical and nomenclatorial studies on the genus Viola II. 
Further annotations on the section Chilenium. Lilloa 23: 347-361. pl. 1, 2. 
1950 [My 1952]. 

Steyermark, Julian A. Color-forms of the may-apple. Rhodora 54: 131-134, 22 
My 1952. 

Steyermark, Julian A. The genus Platycarpum (Rubiaceae). Am. Jour. Bot. 
39: 418-423. 17 Je 1952. 

Steyermark, Julian A. New Brazilian species of Utricularia | baldwinii, cearana, 
cutleri]. Bull. Torrey Club 79: 310, 311. Jl-Au [Je] 1952. 

Tucker, John M. Evolution of the Californian oak Quercus alvordiana. Evolu- 
tion 6: 162-180. Je 1952. 

Turrill, W. B. Ipheion uniflorwm [Argentina, Uruguay]. Bot. Mag. 169: pl. 
185. My 1952. 

Walter, Maurice B. Wolffia papulifera and Lemna minima in Ohio. Ohio Jour. 
Sei. 50: 266. N 1950. 

Waterfall, U. T. Further studies on the Oklahoma flora. Rhodora 54: 125-131. 
22 My 1952. 

Weber, William A. The genus Helianthella (Compositae). Am. Midl. Nat. 48: 
1-35. Jl 1952. 

Weber, William A. Phippsia algida in the United State. Rhodora 54: 141-145. 
Je [Jl] 1952. 

White, Wilfred W. Native cottonwoods of Montana. Proce. Mont. Acad. 9: 
33-39. Je 1951. 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Spermatophytes: Muller) 
Alvarez Conde, José, La flora de Cuba. Mem. Soc. Cub. Hist. Nat. 21: 123-149. 
pl. 1-10. 28 Ap 1952. 
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Bard, Gily E. Secondary succession on the Piedmont of New Jersey. Ecol. 
Monogr. 22: 195-215. JI 1952. 

Boe, Kenneth N. Is Douglas fir replacing ponderosa pine in the cut-over stands 
in western Montana? Proe. Mont. Acad. 8: 42-50. 1951. 

Booth, W. E. The effect of grass competition on the growth and reproduction of 
big sagebrush, Artemisia tridentata. Proe. Mont. Acad. 7: 23-25. 1951. 

Brenner, Louis G. Forest quadrat studies at the Arboretum { Missouri Botanic 
Garden] with observations on forest suecession. Ann. Mo, Bot. Gard. 39: 
165-172. My 1952. 

Brown, R. T. & Curtis, J. T. The upland conifer-hardwood forests of northern 
Wisconsin. Ecol. Monogr. 22: 217-234. Jl 1952. 

Hathaway, William H. Composition of certain native dry forests: Mokuleia, 
Oahu, T. H. Ecol. Monogr. 22: 153-168. Ap 1952. 

Hayward, C. Lynn. Alpine biotic communities of the Uinta Mountains, Utah. 
Ecol. Monogr. 22: 93-120. Ap 1952. 
Howard, Richard A. The vegetation of the Grenadines, Windward Islands, 
British West Indies. Contr. Gray Herb. 174: 1-129. illust. 30 Je 1952. 
Hueck, Kurt. Estudio ecolégico y fitosociolégico de los médanos de Cafayate 
(Salta). Lilloa 23: 63-115. 1950 [My 1952]. 

Jenness, John L. Erosive forces in the physiography of western Arctic Canada. 
Geogr. Rev. 42: 238-252. Ap 1952. 

Morris, Melvin 8S. An ecological basis for the classification of Montana grass- 
lands. Proce. Mont. Acad. 5: 41-44. 1951. 

Muller, Cornelius H. Plant succession in aretic heath and tundra in northern 
Seandinavia. Bull. Torrey Club 79: 296-309. Jl-Au [Je] 1952. 

Oesting, Henry J. & Reed, John F. Virgin spruce-fir of the Medicine Bow 
Mountains, Wyoming. Ecol. Monogr. 22: 69-91. Ap 1952. 

Penfound, William T. Southern swamps and marshes. Bot. Rev. 18: 413-446. 
Je 1952. 

Polk, R. Brooks & Boe, Kenneth N. Succession of trees in cut-over larch-Douglas 
fir stands. Proe. Mont. Acad. 10: 31-37. 1951. 

Polunin, N. The real Arctic: suggestions for its delimitation, subdivision, and 
characterization. Jour. Ecol. 39: 308-315. D 1951. 

Rambo, Balduinao. A imigracao da selva higréfila no Rio Grande do Sul. An. 
Herb. Barbosa Rodrigues 3: 55-91. 22 Je 1951. 

Sears, Paul B. & Clisby, Kathryn H. Pollen spectra associated with the Orleton 
Farms mastodon site. Ohio Jour. Sci. 52: 9, 10. Ja 1952. 

Sigafoos, R. A. Soil instability in tundra vegetation. Ohio Jour. Sci. 51: 281- 
298. N 1951. 

Tryon, E. H. & Myers, C. A. Periodic precipitation affeets growth of yellow- 
poplar on a West Virginia hillside. Castanea 17: 97-102. Je 1952. 

Wilson, Curtis M. The Box Butte tableland. Ohio Jour. Sei. 51: 227-248. Ap 
1951. 





PALEOBOTANY 
(See also under Spermatophytes: Florin) 
Andrews, Henry N. & Felix, Charles J. The gametophyte of Cardiocarpus 
spinatus Graham. Ann. Mo. Bot. Gard. 39: 127-135. pl. 13, 14. My [Je] 
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MORPHOLOGY 


(including anatomy and cytology in part) 
(See also under Plant Physiology: MecClary) 


Anderson, Thomas F. Stereoscopic studies of cells and viruses in the electron 
microscope. Am. Nat. 86: 91-100. Mr-Ap 1952. 

Bailey, I. W. The use and abuse of anatomical data in the study of phylogeny 
and classification. Phytomorphology 1: 67-69. 1951. 

Bannan, M. W. The microscopic wood structure of North American species of 
Chamaecyparis. Canad. Jour. Bot. 30: 170-187. Mr 1952. 

Dahl, A. Orville. The comparative morphology of the Ieacinaceae. VI. The 
pollen. Jour. Arnold Arb, 33: 252-295. pl. 1-9. 15 J] 1952, 

Griffith, Mildred M. The structure and growth of the shoot apex in Araucaria. 
Am. Jour. Bot. 39: 253-263. 12 Ap 1952. 

Hall, John W. The comparative anatomy and phylogeny of the Betulaceae. Bot. 
Gaz. 113: 235-270. Mr [11 Ap] 1952. 

Jagendorf, A. T., Bonner, D. M. & Naylor, A. W. An atypical growth of cabbage- 
seedling roots. I. Morphology, histology and induction conditions. Bot. 
Gaz. 113: 334-347. Mr [11 Ap] 1952. 

Lee, C. L. The anatomy and ontogeny of the leaf of Dacrydium taroides. Am. 
Jour. Bot. 39: 393-398. 17 Je 1952. 

Longley, Albert N. Chromosome morphology in maize and its relatives. Bot. 
Rey. 18: 399-412. Je 1952. 

Mahistede, John P. & Watson, Donald P. An anatomical study of adventitious 
root development in stems of Vaccinium corymbosum. Bot. Gaz. 113: 279- 
285. Mr [11 Ap] 1952. 

Martens, P. Les préphanérogames et le problem de la graine. Cellule 53; 105- 
132. Jl 1951. 

Popham, Richard A. Principal types of vegetative shoot apex organization in 
vascular plants. Ohio Jour. Sci. 51: 249-270. S 1951. 

Popham, Richard A. & Chan, Allan P. Origin and development of the receptacle 
of Chrysanthemum morifolium. Am. Jour. Bot. 39: 329-339. 22 My 1952. 

Schroeder, C. A. Floral development, sporogenesis, and embryology in the 
development of the avocado, Persea americana. Bot. Gaz. 113: 270-278. 
Mr [11 Ap] 1952. 

Tournay, R. Etudes sur les Hydroptéridales. I. Le sporophyte de Marsilea. 
Recherches sur M. hirsuta R. Br. Cellule 54: 165-218. pl. 1, 2. Ja 1952. 

Unger, James William. Vascular development and transition in Echinacea 
pupurea. Pap. Mich. Aead. 30 (1950)': 39-52. 1952. 


GENETICS 
(including cytogenetics) 
(See also under General Botany: Mangelsdorf) 
Baker, R. E. Inheritance of fruit characters in the strawberry. Jour. Hered. 
43: 9-14. Ja—F [My] 1952. 
Bishop, Charles J. The influence of polyploidy on the X-ray sensitivity of cells. 
Canad. Jour. Bot. 30: 139-146. Mr 1952. 
Bonner, D. M., et al. Incomplete genetic blocks in biochemical mutants of 
Neurospora. Proce. Nat. Acad. 38: 25-34. Ja 1952. 
Brown, Meta S. & Menzel, Margaret Y. Additional evidence on the crossing be- 
havior of Gossypium gosspyioides. Bull. Torrey Club 79: 285-292. Jl-Au 
[Je] 1952. 
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Brown, Meta S. & Menzel Margaret Y. Polygenomic hybrids in Gosspyium. I, 
Cytology of hexaploids, pentaploids and hexaploid combinations. Genetics 
37: 242-263. My [Je] 1952. 

Butler, L. The linkage map of the tomato. Jour. Hered. 43: 25-35. Ja—F [My] 
1952. 

Cameron, D. R. Inheritance in Nicotiana tabacum. XXIV. Intraspecific differ- 
ences in chromosome structure. Genetics 37: 288-296. My [Je] 1952. 
Chase, Sherret S. Production of homozygous diploids of maize from monoploids. 

Agron. Jour. 44: 263-267. My [Je] 1952. 

Conger, Alan D. & Fairchild, Lucile M. Breakage of chromosomes by oxygen. 
Proe. Nat. Acad. 38: 289-299. Mr 1952. 

Costa, A. S., Grant, T. J. & Moreira, Silvio. Bud-take of healthy and tristeza 
infected citrus buds. Phytopathology 42: 280, 281. My 1952. 

Dermen, Haig. Polyploidy in the apple found seven years after colchicine treat 
ment. Jour. Hered. 43: 7, 8. Ja-F [My] 1952. 

Doudney, C. O. & Wagner, R. P. Threonine inhibition in a strain of Neurospora. 
Proe. Nat. Acad. 38: 196-205. Mr 1952. 

Grafius, J. E., Nelson, W. L. & Dirks, V. A. The heritability of yield in barley 
as measured by early generation bulked progenies. Agron. Jour, 44: 253- 
257. My [Je] 1952. 

Grum, Paul. Effect of environment upon chromosomal pairing of some species 
and hybrids of Poa. Am. Jour, Bot. 39: 318-325. 22 My 1952. 

Haas, Felix, «t al. A series of histidineless mutants of 
Geneties 37: 217-226. My [Je] 1952. 

Hanson, A. A. & Hanson, R. G. Abnormal petiole and petiolule development in 
red clover, Trifolium pratense L. Jour. Hered. 43: 58-60. Ja—F [My] 1952. 

Heaslip, Margaret B. Cytoecological studies of Silene rotundifolia Nutt., 8S. 
virginica L. and hybrid. Ohio Jour. Sei. 50: 97-101. My 1952. 

Heaslip, Margaret B. Some cytoecological aspects in the evolution of certain 
species of the plant genus Silene. Ohio Jour. Sci. 51: 62-70. Mr 1952. 

Jenkins, Merle T. Genetic improvement of food plants for increased yield. In: 


Neurospora crassa. 


Scientific possibilities for increasing the world’s food supply. Proc. Am. 
Philos. Soe. 95: 84-91. F 1951. 

John, C. A. & Wilson, J. D. A ‘‘Ginkgo leafed’’ mutation in the cucumber. 
Jour. Hered. 43: 47, 48. Ja-F [My] 1952. 

Jones, Jenkin W. Inheritance of natural and induced mutations in Caloro rice. 
Jour. Hered. 43: 81-85. Mr—Ap [J1l] 1952. 

King, Edward D., et al. The effects of carbon monoxide and oxygen on the fre- 
queney of X-ray induced chromosome aberrations in Tradescantia. Proe. 
Nat. Aead. 38: 34-43. Ja 1952. 

Lein, Joseph & Lein, Patricia S. Studies on a suppressor of non-allelic acetate- 
requiring mutants of Neurospora. Proe. Nat. Acad. 38: 44-48. Ja 1952. 

Mackinney, G. & Jenkins, J. A. Carotenoid differences in tomatoes. Proc. Nat. 
Acad. 38: 48-52. Ja 1952. 

McQuade, Henry A. The induction of parthenoecarpy in Petunia. Ann. Mo. 
Bot. Gard. 39: 97-112. pl. 11, 12. My [Je] 1952. 

Mains, Edwin B. Inheritance in Cucurbita pepo. Pap. Mich. Acad. 30 (1950)*: 
27-30. pl. 1. 1952. 

Mitchell, Mary B. & Mitchell, Herschel. Observations on the behavior of sup- 
pressors in Neurospora. Proce. Nat. Acad. 38: 205-214. Mr 1952. 
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Moore, Raymond J. An interspecific hybrid in Buddleja. Jour. Hered. 43: 
41-45. Ja—-F [My] 1952. 

Moriya, A. Sugareanes in the far East. Some cytogenetical considerations. 
Jour. Hered. 43: 101-104. Mr—-Ap [J1] 1952. 

Nielsen, R. L. & Rogler, G. A. An amphidiploid of x Stiporysopsis. Am. Jour. 
Bot. 39: 343-348. 22 My 1952. 

Pauley, Scott S. & Johnson, Albert. Aberrant silver maples. Jour. Arnold Arb. 
33: 296-298. 1 pl. 15 Jl 1952. 

Rhoades, M. M. The effect of the bronze locus on anthocyanin formation in 
maize. Am. Nat. 86: 105-108. Mr—-Ap 1952. 

Sax, Karl & Luippold, Henry. The effect of fractional X-ray dosage on the 
frequency of chromosome aberrations. Heredity 6: 127-131. Ap 1952. 
Sears, E. R. & Camara, A. A transmissible dicentric chromosome. Genetics 37: 

125-135. Mr 1952. 

Sen, Nirad K. Isochromosomes in tomato. Geneties 37: 227-241. My [Je] 1952. 

Sheng, T. C. & Sheng, Ginger. Genetic and non-genetic factors in pigmentation 
of Neurospora crassa. Geneties 37: 264-269. My [Je] 1952. 

Sprague, G. F. & Miller, Philip A. The influence of visual selection during 
inbreeding on combining ability in corn. Agron. Jour, 44: 258-262. My 
[Je] 1952. 

Yanofsky, Charles. The effects of gene change on tryptophan desmolase forma- 
tion. Proce. Nat. Acad. 38: 215-226. Mr 1952. 


PLANT PHYSIOLOGY 
(See also under Fungi: Bonner; Gordon; McKeen.) 

Appleman, David. Catalase-chlorophyll relationship in barley seedlings. Plant 
Physiol. 27: 613-621. Jl 1952. 

Biddulph, O. & Woodbridge, C. G. The uptake of phosphorus by bean plants 
with particular reference to the effects of iron. Plant Physiol. 27: 431-444. 
J1 1952. 

Blair, Byron O. & Fuller, W. H. Translocations of 2,4-dichloro-5-iodophenoxy- 
acetic acid in velvet mesquite seedlings. Bot. Gaz. 113: 368-372. Mr 
[11 Ap] 1952. 

Bohning, R. H. & Lusanandana, Bhakdi. A comparative study of [the effects 
of] gradual and abrupt changes in root temperature on winter absorption. 
Plant Physiol. 27: 475-488. J] 1952. 

Bradbury, Dorothy & Ennis, W. B. Stomatal closure in kidney bean plants 
treated with ammonium 2,4-dichlorophenoxyacetate. Am. Jour. Bot. 39: 
324-328. 22 My 1952. 

Cohen, Morris & Yarwood, C. E. Temperature response of fungi as a straight 
line transformation. Plant Physiol. 27: 634-638. J] 1952. 

Duggar, W. M. The permeability of non-stomate leaf epidermis to carbon 
dioxide. Plant Physiol. 27: 489-499. Jl 1952. 

Eaton, Scott V. Effects of phosphorus deficiency on growth and metabolism of 
black mustard. Bot. Gaz. 113: 301-309. Mr [11 Ap] 1952. 

Epstein, Emanuel & Hagen, C. E. A kinetic study of the absorption of alkali 
cations by barley roots. Plant Physiol. 27: 457-474. Jl 1952. 

Ezell, Boyde D., et al. Pre- and post-harvest changes in carotene, total 
carotenoids and ascorbic acid content of sweetpotatoes. Plant Physiol. 
27: 355-369. Ap 1952. 
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Freiberg, S. R. & Clark, H. E. Effects of 2,4-dichlorophenoxyacetic acid upon 
the nitrogen metabolism and water relations of soybean plants grown at 
different nitrogen levels. Bot. Gaz. 113: 322-333. Mr [11 Ap] 1952. 

Gallum, Avery H. & Gustafson, Felix G. Absorption and translocation of 
radioactive 2,4-dichloro-5-iodo!*!-phenoxyacetic acid by green plants. 
Plant Physiol. 27: 603-612. J] 1952. 

Hall, Wayne C. Evidence on the auxin-ethylene balance hypothesis of foliar 
abseission. Bot. Gaz. 113: 310-322. Mr [11 Ap] 1952. 

Hansl, N. & Waygood, E. R. Kinetic studies of plant decarboxylases and ear- 
boniec anhydrase. Canad. Jour. Bot. 30: 306-317. Je 1952. 

Hollis, John P. Studies on Streptomyces scabies. I. Variability in a melanin- 
indicator medium. Phytopathology 42: 273-276. My 1952. 

Hopkins, H. T. Inhibition of growth by benzene hexachloride isomers and pro- 
tective effect of glucose as measured by cell counting technique. Plant 
Physiol. 27: 526-540. Jl 1952. 

Jacobs, Wm. P. The role of auxin in differentiation of xylem around a wound. 
Am. Jour. Bot. 39: 301-309. 22 My 1952. 

Johnson, C. M. & Hoskins, W. H. The relation of acids and peroxides in spray 
oils to the respiration of sprayed bean leaves and the development of in- 
jury. Plant Physiol. 27: 507-525. Jl 1952. 

Kendall, William A. The effect of intermittently varied petiole temperature on 
carbohydrate translocation from bean leaves. Plant Physiol. 27: 631-633. 
Jl 1952. 

Leopold, A. C. & Scott, Frances I. Physiological factors in tomato fruit-set. 
Am. Jour. Bot. 39: 310-317. 22 My 1952. 

Leopold, Luna B. Dew as a source of plant moisture. Pacif. Sei. 6: 259-261. 
J1 1952. 

Loustalot, A. J. 2,4-D can kill mature grasses. Agron. Jour. 44: 276, 277. 
My [Je] 1952. 

McClary, Dan Otho. Factors affecting the morphology of Candida albicans. 
Ann. Mo. Bot. Gard. 39: 137-164. pl. 15-17. My [Je] 1952. 

Machacek, J. E. & Wallace, H. A. R. Longevity of some common fungi in cereal 
seed. Canad. Jour. Bot. 30: 164-169. Mr 1952. 

Madsen, Grace C. & Pates, Anne L. Occurrence of antimicrobial substances in 
chlorophyllose plants growing in Florida. Bot. Gaz. 113: 293-300. Mr 
{11 Ap] 1952. 

Mika, Edward 8. Effect of indoleacetic acid on root growth of X-irradiated 
peas. Bot. Gaz. 113: 285-293. Mr [11 Ap] 1952. 

Minshall, Wm. Harold & Scarth, G. W. Effect of growth in acid media on the 
morphology, hydrogen-ion concentrations, viscosity, and permeability of 
water hyacinth and frogbit root cells. Canad. Jour. Bot. 30: 188-208. 
Mr 1952. 

Nakata, Shigeru. Photoperiod response of Lespedeza. Plant Physiol. 27: 
644-647. J] 1952. 

Nitsch, J. P. Plant hormones in the development of fruits. Quart. Rev. Biol. 
27: 3-57. Mr 1952. 

Noggle, G. R. & Schumacher, M. Eleanor. The biosynthesis of carbon-14-labeled 

compounds. II. The chromatographic separation of the monosaccharides, 

disaccharides, and trisaccharides from plant extracts. Plant Physiol. 27: 

422-426. Ap 1952. 
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Overstreet, Roy, Jacobson, Louis & Handley, Raymond. The effect of calcium 
on the absorption of potassium by barley roots. Plant Physoil. 27: 582- 
590. J1 1952. 

Pratt, Roberston, Dufrenoy, Jean & Sah, Peter P. T. Growth regulating prop- 
erties of some thiosemicarbazones. Plant Physiol. 27: 622-625. Jl 1952. 

Pringsheim, Ernest G. & Pringsheim, Olga. Experimental elimination of 
chromatophores and eye-spot in Euglena gracilis. New Phytol. 51: 65-76. 
Ap 1952. 

Raper, John R. Chemical regulation of sexual processes in the thallophytes. Bot. 
Rev. 18: 447-545. J] 1952. 

Rebstock, Theodore L., et al. Effect of 2,4-dichlorophenoxyacetie acid on pro- 
teolytic activity of red kidney bean plants. Plant Physiol. 27: 639-643. 
J1 1952. 

Riches, J. P. & Gooding, E. G. B. Studies in the physiology of latex. I. Latex 
flow on tapping—theoretical considerations. II. Latex flow on tapping Hevea 
brasiliensis: associated changes in trunk diameter and latex concentration. 
New Phytol. 51: 1-29. Ap 1952. 

Shu, Ping. Further studies on the nitrogen source for the production of 
amylolytic enzymes by submerged culture of Aspergillus niger. Canad. 
Jour. Bot. 30: 331-337. Je 1952. 

Smith, Frederick G. The mechanism of the tetrazolium reaction in corn embryos. 
Plant Physiol. 27: 445-456. J1 1952. 

Stamm, Alfred J. Producing nutritive substances from inedible carbohydrates. 
In: Scientific possibilities for increasing the world’s food supply. Proe. 
Am. Philos. Soc. 95: 68-76. F 1951. 

Torrey, John G. Effects of light on elongation and branching in pea roots. 
Plant Physiol. 27: 591-602. J1 1952. 

Van Fleet, D. S. Histochemical localization of enzymes in vaseular plants. 
Bot. Rev. 18: 354-398. My 1952. 

Vergeer, Teunis. Increased multiplication and other effects of irradiation on 
tulip bulbs. Pap. Mich. Acad. 30(1950)1: 53-66. 1952. 

Winters, Harold F. & Loustalot, Arnaud J. The effect of light and nitrogen 
levels on growth and alkaloid content of young plants of Cinchona ledgeri 
ana. Plant Physiol. 27: 575-582. J] 1952. 


PHYTOPATHOLOGY 
(See also under Fungi: Gerdon; McKeen; under Morphology; Anderson; 
under Plant Physiology: Machacek & Wallace.) 

Ames, Ralph W. & Thornberry, H. H. Carnation mosaic virus: properties and 
electron microscopy. Phytopathology 42: 289-291. Je [Jl] 1952. 

Ark, Peter A., Starr, Mortimer P. & Sutton, Donald D. Bacterial chalk rot of 
yellow and pink eallas. Phytopathology 42: 320-322. Je [Jl] 1952. 

Armstrong, G. M. & Armstrong, Joanne K. Physiologie races of the Fusaria 
causing wilt of the Cruciferae. Phytopathology 42: 255-257. My 1952. 

Berkeley, G. H. & Weintraub, M. Turnip mosaic. Phytopathology 42: 258- 
260. My 1952. 

Black, L. M. & Brakke, M. K. Multiplication of wound-tumor virus in an insect 
vector. Phytopathology 42: 269-273. My 1952. 

Chamberlain, Donald W. A halo-producing strain of Pseudomonas glycinea. 
Phytopathology 42: 299, 300. Je [Jl] 1952. 
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Cheo, Pen-Ching & Pound, Glenn 8. Relation of air temperature, soil tempera- 
ture, photoperiod, and light intensity to the concentration of cucumber 
virus 1 in spinach. Phytopathology 42: 306-310. Je [Jl] 1952. 

Childs, J. F. L. Cachexia disease, its bud transmission and relation to xylopor- 
osis and to tristeza. Phytopathology 42: 265-268. My 1952. 

Cook, A. A., Larson, R. H. & Walker, J. C. Relation of the black rot pathogen 
to cabbage seed. Phytopathology 42: 316-320. Je [Jl] 1952. 

Costa, A. S. Concentration of Brazilian tobacco streak virus in infected plants. 
Phytopathology 42: 231-236. My 1952. 

Gregory, K. F., et al. Antibiotics as agents for the control of certain damping- 
off fungi. Am. Jour. Bot. 39: 405-415. 17 Je 1952. 

Halpin, J. E., Hanson, E. W. & Dickson, J. G. Studies on the pathogenicity of 
seven species of Pythium on red clover seedlings. Phytopathology 42: 245- 
249. My 1952. 

Keyworth, W. G. & Dimond, A. E. Root injury as a factor in the assessment of 
chemotherapeutants. Phytopathology 42: 311-315. Je [Jl] 1952. 

Leben, Curt & Fulton, R. W. Effect of certain antibiotics in lesion production 
by two plant viruses. Phytopathology 42: 331-325. Je [Jl] 1952. 

Martin, Norma & Gottlieb, David. The production and role of antibioties in the 
soil. III. Terramycin and aureomyein. Phytopathology 42: 294-296. Je 
[Jl] 1952. 

Muntafiola, Maria. La bacteriosis de los sorgos debida a Pseudomonas andro- 
pogoni (E,. F. Smith) Stapp, en la Reptiblica Argentina. Lilloa 23: 307- 
317. pl. 1-5. 1950 [My 1952]. 

Muntafiola, Maria. Relaciones antagénicas entre Bacillus subtilis y Helmintho- 
sporium sacchari. Lilloa 23: 319-330. 1950 [My 1952]. 

Navarrete, Juan Orjuela. Las royas del trigo en Colombia. Revista Aead. 
Colomb. 8: 380-383. pl. 1-3. D 1951 [My 1952]. 

Pound, Glenn 8S. & Cheo, Pen-Ching. Studies on resistance to cucumber virus 1 
in spinach. Phytopathology 42: 300-306. Je [Jl] 1952. 

Richardson, J. K. The influence of tuber development on scab infection in 
Katahdin potatoes. Phytopathology 42: 297, 298. Je [Jl] 1952. 

Sharp, Eugene L. & Smith, Frederick G. Preservation of Puccinia uredospores 
by lyophilization. Phytopathology 42: 263, 264. My 1952. 

Sill, W. H. & Walker, J. C. Cowpea as an assay host for cucumber virus. 
Phytopathology 42: 328-300. Je [Jl] 1952. 

Slagle, C. W., Wolcyrz, Sylvia & Price, W. C. Inhibition of plant virus infee- 
tion by growth products of Neurospora. Phytopathology 42: 240-244. 
My 1952. 

Steinberg, Robert A. Frenching symptoms produced in Nicotiana tabacum and 
Nicotiana rustica with optical isomers of isoleucine and leucine and with 
Bacillus cereus toxin. Plant Physiol. 27: 302-308. Ap 1952. 

Stevenson, F. J., et al. Late blight immunity in the potato. Phytopathology 
42: 277-280. My 1952. 

Vasudeva, R. 8S. & Hingorani, M. K. Bacterial disease of wheat caused by 
Corynebacterium tritici (Hutchinson) Bergey et al. Phytopathology 42: 
291-293. Je [Jl] 1952. 


Waggoner, Paul E. Distribution of potato late blight around inoculum sources. 


Phytopathology 42: 323-328. Je [Jl] 1952. 
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Walter, James M., Rex, Edgar G. & Schreiber, Ray. The rate of progress and 
destructiveness of canker stain of planetrees. Phytopathology 42: 236- 
239. My 1952. 

GENERAL BOTANY 
(including biography) 

Bailey, I. W. Cooperation versus isolation in botanical research. Chron. Bot. 
12: 126-133. 1951. 

Bartlett, Harley Harris. Walter Tennyson Swingle: botanist and exponent of 
Chinese civilization. Asa Gray Bull. II. 1: 107-130. Ap [Au] 1952. 
Bizot, M. Irénée Thériot (1859-1947). Bryologist 55: 85-87. Je [Jl] 1952 

Exell, A. W. John Gossweiler. Taxon 1: 93, 94. J] 1952. 

McVaugh, Rogers. A botanically interesting sandhill area in western Texas. 
Asa Gray Bull. II. 1: 175-180. Ap [Au] 1952. 

McVaugh, Rogers. A trip to a botanically little-known area in Querétaro. 
Asa Gray Bull. II. 1: 169-174. Ap [Au] 1952. 

Mangelsdorf, Paul G. Evolution under domestication. Am. Nat. 86: 65-77. 
Mr—Ap 1952. 

Moran, Reid. The Mexican itineraries of T. 8S. Brandegee. Madrofio 11: 
253-262. Jl 1952. 

Pérez Arbolaez, Enrique. El diario de la Expedicién Boténica en la Mesa de 
Juan Diaz. Revista Acad. Colomb. 8: 358-379. D 1951 [My 1952]. 
Pichi-Sermolli, Rodolfo. Additional notes on the publication-date of Colla’s 
‘*Plantae rariores in regionibus Chilensibus a eclarrissimo M. D. Bertero 

nuper detectae.’’ Webbia 8: 407-411. 19 My 1952. 

Schubert, Bernice G. Merritt Lyndon Fernald. Proc. Linn. Soe. 163: 78-82. 
1952. 

Sears, Paul B. Conservation in theory and practice. Ohio Jour. Sei. 50: 149- 
155. J1 1950. 

Spoehr, H. A. Chlorella as a source of food. In: Scientific possibilities for in- 
creasing the world’s food supply. Proce. Am. Philos. Soc. 95: 62-67. F 1951. 

Stansfield, H. Plant collecting in Missouri, a Liverpool Expedition, 1809-11. 
Liverpool Libr. Mus. & Arts Comm. Bull 1: 17-31. illust. O 1951. 

Taft, Robert. Asa Gray’s ascent of Grays Peak. Asa Gray Bull. IT. 1: 103- 
106. Ap [Au] 1952. 

Walp, Russell Lee. Riddell’s notice of vegetable production growing spontane- 
ously in Washington County, Ohio. Ohio Jour. Sci. 51: 320-334. N 1951. 

Webster, Grady L. A botanical excursion to the Sierra Maestra (Oriente 
Provinee, Cuba). Asa Gray Bull. IT. 1: 137-143. Ap [Au] 1952. 
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Names of contributors are printed in CAPITALS. Names of new genera, species, 
varieties, forms and combinations are printed in bold face. Numbers in italic refer to 
pages on which the name is listed as a synonym, Numbers in bold face refer to pages 
on which the name is accompanied by a description or illustration. 


Abama, 486 

ABRAMS, LERoy: Illustrated flora of the 
Pacifie states. Washington, Oregon and 
California (Review), 189 

Acer, 293; negundo, 487; rubrum var. 
trilobum, 189 

Acetobacter, 46; xrylinum, 46 

Achillea millefolium, 330 

Achorion schoenleinii, 242 

Actinomyces bovis, 247 

Aecidium margarettae, 212; myopori, 232; 
tafoense, 212; wiehii, 212 

Aeginetia, 63, 69; indica, 63, 64, 74, 75; 
pedunculata, 63 

Agave, 87 

AHLES, Harry E.: Erigeron provancheri 
in New York State, 88 

Ailanthus, 386 

Alafia clusioides, 230 

Albizzia, 227; 

Aletes, 365 

Alhagi maurorum, 459, 462, 469 

Allium, 235, 238; cepa, 210 

Allomyces, 139, 140, 141, 142, 143, 1 
145, 147, 148, 149, 152, 153, 156, 1 
158, 266, 267: anomalus, 140, 152: 
arbuscula, 147, 148, 149; var. minor, 
140; cystogenus, 140, 146, 147, 148, 149, 
153, 155; javanicus, 267; var. javanicus, 
140, 147, 149; var. macrogynus, 140, 
142, 143, 144, 146, 147, 148, 149, 150, 
151 


harveyi, 227 


44, 
57, 


Alnus, 293 


Aloe aristata, 386 


Althea rosea, 126 
Amblyodum, 408 


Ambrosia artemisiifolia, 265, 330; trifida, 
330 
Ambrosinia, 95 


Ammophila arenaria, 32 


Anacharis densa, 313, 382, 385 


Anacolia, 161, 170, 171, 174, 180; abys- 
sinica, 161, 163, 173, 174, 175, 184; 
aristifolia, 177, 178; auricolor, 164, 180; 
braunii, 176; cameruniae, 162, 168; 
didymocarpa, 179; intertexta, 161, 162, 
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168, 169, 171, 172, 174, 175, 183; var. 
aristifolia, 172; var. latifolia, 162, 172, 
182; alevisphaera, 161, 162, 163, 164, 
168, 174, 175, 181, 184; forma longiseta, 
165; var. brevifolia, 164, 165; var. densi- 
retis, 165; var. nigroviridis, 166; var. 
parvifolia, 165; menziesii, 161, 162, 
175, 185; forma brevifolia, 162, 177, 
178, 185; forma grandifolia, 162, 177, 
178, 185; var. baueri, 162, 179, 185; 
var. crispa, 176; var. longicarpum, 179; 
mexicana, 169, 170, 171, 173; setifolia, 
171, 180; sinensis, 162, 174, 175, 184; 
subsessilis, 163, 164, 168; var. brevifolia, 
163, 165; var. densiretis, 163; webbii, 
161, 162, 166, 174, 182 

Andrea petrophila, 413 

Andromeda polifolia, 263 

Andropogon scoparius, 266 

Angiopsora-wiehei, 213, 219 

Angiopteris, 386 

Anictangium bulbosum, 407; pteridioides, 
407 

Arachis, 235 

Arceuthobium, 413 

Arctostaphylos alpina, 263, 300, 302, 303, 
304 

Arethusa, 486 

Arisaema, 293 

Artemisia Absinthium, 459 

Asclepias incarnata var. pulchra, 487; 
viridiflora, 487 

Asparagopsis armata, 393, 473 

Aspergillus, 192; flavus, 243; niger, 242 

Aster, 187; ericoides, 266, 330 

Astragalus, 300, 303, 306, 307; alpinus 
var. arcticus, 300, 302, 303, 307 

Atrichum, 408 

Atriplex patula var. hastata, 329 

Austropeucedanum, 359, 362, 365; ore- 
opansil, 366, 367 

Avena, 59, 261 

Azorellopsis, 359 

Baccharis, 221 

Bacillus subtilus, 242 

BAILey, Pau C.: Differential reactivity in 
six species of Trillium, 451 
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BALDWIN, J. T. Jr. & SPEESE, BERNICE M.: 
Helenium Curtisii: its Chromosomes, 
293 

Bangia, 481 

Baphia nitida, 228 

Bariramia, 177, 179; abyssinica, 173, 174; 

brachypus, 164; didymocarpa, 180; 

granatensis, 166, 174; interterta, 169; 

laevisphaera, 163; lamprocarpa, 169; 
menziesii, 175, 177; var. Baueri, 179; 
subinterterta, 169, 170, 171: subsessilis, 
163, 164; webbii, 164, 166, 174 

Bartsia alpina, 303 

BATES, MARSTON: The Nature of Natural 
History (Review), 91 

Bactrachospermum, 293, 304, 479, 480; 
moniliforme, 393 

Belt plant press, 84 

Betula, 305, 306; nana, 297, 300, 301, 302, 
304, 305, 308; pubescens subsp. tor- 
tuosa, 297, 305: tortuosa, 263 

Bignonia capreolata, 293 

Blastomyces dermatitidis, 243 

Blechnum Pinna-marinum, 487 

Blighia, 271 

Bonnemaisonia asparagoides, 393 

BONNER, JAMES & GALSTON, ARTHUR W.: 
Principles of plant physiology (Review), 
337 

Borreria laevis, 234 

Botrychium dissectum, 188; obliquum, 188 

Bougainvillaea, 271 

Brachyallomyces, 140, 152, 157 158 

Brassica nigra, 330; oleracea var. capitata, 


92° 
oe 


Braun, E. Lucy: Deciduous forest of 
eastern North America (Review), 330 

Breutelia auricolor, 180 

Brown, Meta 8S. & MENZEL, MARGARET Y.: 
The cytology and crossing behavior of 
Gossypium gossypioides, 110; Additional 
evidence on the crossing behavior of 
Gossypium gossypioides, 285 

Brucella suis, 242 

Bryum, 172 

Bubakia, 229 

BUELL, MurRAY F. (Review), 269 

Bullera, 137 

Buxbaumia, 188 

Cakile edentula, 329 

Calotropsis, 230; procera, 230 

Campanula, 263 

Candida, 246; albicans, 243, 245, 247, 248: 
krusei, 243 

Carer, 293, 296, 300; Bigelowii, 301, 302, 
303 ; capitata, 300; lurida, 59, 60, 61, 62; 

microglochin, 300; misandra, 302, 303; 


nardina, 304; panicea, 302; rupestris, 
304; scoparia, 59, 62; stipata, 59, 62 

Carpinus, 293 

Carpodinus dulcis, 228 

CARROLL, BENJAMIN: Texas Range Grasses 
(Review), 410 

Carya, 293 


Cassia, 227; chamaecrista, 187; marylan- 


dica, 187; singueana, 227 

Cassiope hypnoides, 298; tetragona, 263, 
298, 302, 308 

Castanea mollissima, 186 

Catalpa, 235 

Catharinaea, 408 

Cedrus deodora, 187 

Celastris scadens, 187, 487 

Cellulomonas biazotea, 46 

Cellvibrio, 46 

Cenchrus, 218: ciliaris, 217 

Cephalanthus occidentalis, 187 

Cephalozia, 293 

Cerastium, 303, 306; alpinum, 303; lapponi- 
cum, 487 

Cercidiphyllum japonicum, 487 

Cerotelium combreti, 213; lanneae, 230; 
proximellum, 230 

Chaconia, 228; baphiae, 228 

Chaetangium saccatum, 480 

Chantransia, 400 

Chionanthus virginica, 486 

Chlorophora regia, 230 

CHRYSLER, M. A.: (Review), 268 

Chrysonephos, 79; Lewisii, 79 

Chrysophaeum, 79; Lewisii, 79; Taylori, 79 

Chrysopsis falcata, 187 

Cicclidotus, 408 

Cichorium Intybus, 330 

Cirsium discolor, 330 

Cistanche, 63, 64, 69, 71, 73 

Cladonia, 257 ; chlorophaea, 258 

Cladophora, 157 

CLARK, HARoup E.: (Review), 337 

CLAUSEN JENS: Stages in the evolution of 
plant species (Review), 332 

Claytonia laneolata, 218; rosea, 218 

Clematis ochroleuca, 487 

Climacium, 408 

Clitandra, 228 

Clytostoma callistegioides, 217 

Coccidioides immitis, 242, 243, 245, 246, 
247 

Codrioporus, 408 

Combretum, 214 

Commiphora, 215; pilosa, 215 

COMPTON, WINIFRED: The effect of maleic 
hydrazide on growth and cell division in 
Pisum sativum, 205 
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Conocephalum, 188 

Cork cambium eells, three-dimensional 
shapes of, 312 

Cornus, 283; florida, 192; paniculata, 487 

Corynebacterium fimi, 45 

Cotopaxia, 359, 362, 365; Asplundii, 363, 
364 

Couroupita guianensis, 194 

CowaN, RicHarD 8.: (Review), 91 

Crataegus, 413 

Crossing behavior of Gossypium gossypi- 
oides, 110, 289 

Croton? macrostachys, 228 

Crum, Howarp A.: Bibliographic notes on 
Palisot de Beauvois’ prodrome, 407 

Cryptococcus, 246, 248; neoformans, 243, 
245, 247 

Cucumis africana, 218 

CUMMINS, GEORGE B.: 
various regions, 212 

Cyathula tomentosa, 224 

Cyathophorum, 408; pteridioides, 408 

Cyathula uncinulata, 220 

Cycloloma atriplezxifolium, 330 

Cynontodium, 408 

Cyperus, 270 

Cypripedium calceolus, 90 

Cystogenes, 140, 153, 154, 155, 156, 157, 158 

Cytology of Gossypium gossypioides, 110 

Cytology of Itersonilia perplexans, 126 

DANSEREAU, PIERRE: (Review), 330 

Daucus, 235 

Decodon verticillata, 187 

Decumaria, 293 

DELAMATER, Epwarp D.: Preliminary ob- 
servation on the occurrence of a mitotic 
process in Micrococci, 1 

Dennstaedtia, 269 

Dentaria diphylla, 485 

Deschampsia alpina, 301, 302; flexuosa, 302 

Dictyostelium, 25, 46, 47, 49, 50; discoi- 
deum, 25, 26, 27, 28, 31, 32 33, 34, 35, 36, 
37, 38, 40, 42, 44, 45, 46, 48, 49; 
lacteum, 25; minutum, 25; mucoroides, 
25, 31, 32, 43, 47, 48; purpuwreum, 25, 32 

Differential reactivity in species of Tril 
lium, 451 

Digitalis purpurea, 20 

Diodia teres, 187 

Diospyros virginiana, 187 

Diphyscium, 408 

Diplophyllum, 188 

Distichlis spicata, 329 

Dombeya nairobiensis, 220 

Dopatrium lobelioides, 18 

DRECHSLER, CHARLES: Production of zoo- 
spores from germinating oospores of 


Uredinales from 





Pythium ultimum and Pythium debary- 
anum, 431 

Drosera, 311; filiformis, 189; rotundifolia, 
187, 329 

Dryas, 304, 307; octopetala, 298, 302, 303, 
304, 307, 308 

Dryopteris dentata, 269; Thelypteris, 187, 
329 

Eberthella typhosa, 242, 248, 249 

Echinochloa, 235 

Ectocarpus, 157 

EKMAN, Erick L., 80 

Elodea, 386 

Embryology of Aeginetia indica, 63 

Empetrum, 305, 306, 307; hermaphroditum, 
297, 300, 302, 304, 308 

Endophyllum tuberculatum, 224, 225 

Entyloma calendulae, 126 

Enzymes in pea seedlings, 351 

Epidermophyton inguinale, 242 

Epilobium, 263 

Equisetum, 300; Arvense, 330; palustre, 
300; variegatum, 487 

Eragrostis spectabilis, 329 

Erigeron canadensis, 330; philadelphicus, 
88; provancheri, 88 

Eriocaulon, 293 

Erlangea ? marginata, 213 

Erlangeae tomentosa, 213 

Eryngium, 368 

Escherichia coli, 242 

Euallomyces, 140, 149, 150, 151, 152, 153, 
154, 156, 157, 158 

Eubartramia, 166 

Eucalyptus rostrata, 459, 462, 464, 469 

Euglena gracilis var. bacillaris, 107, 108 

Eulemanea, 394, 400, 401, 402 

Eupatorium, 187; hyssopifolium, 330; per- 
foliatum, 329; purpureum, 386 

Euphorbia, 459; Peplus, 459 

Euphrasis lapponica, 302 

Fabroniana, 188 

Fagus sylvatica pendula incisa, 186, 187 

Festuca ovina, 302 

Field trip reports, 186, 413, 485 

FISKE, JESSIE G.: (Review), 334 

Floral eponyms, 95 271 

FLOWERS, SEVILLE: Monograph of the 
genus Anacolia, 161 

Fontinalis gigantea, 188 

Forsythia, 235 

Fraxinus, 293 

Fruilania eboracensis, 188 

Fuuuer, H. J. & Tippo, O.: College Botany 
(Review), 93, 191 

Fungi, effect of streptomycin on growth of, 
242 













Fusarium sp. 243 

Galaraura, 480 

GAMIL, M.: Effect of variable vapor con- 
centration of ethereal oils upon transpi 
ration and water absorption, 459 

Gaylussacia, 272; brachycera, 272 

Gentiana nivalis, 263 

GENTRY, Howarp Scorr: The belt plant 
press, S4 

Geocalyx graveolens, 188 

Geranium, 263; Robertianum, 188 

Gisps, R. D.: Botany. An evolutionary 
approach. (Review), 94 

Ginkgo, 235 

Glyceria, 293 

Glyphocarpa, 169, 174; abyssinica, 173; 

intertexta, 169; laevi 
sphaera, 163, 164; taylori, 163; webbii, 
164 

Glyphocarpus abyssinicus, 173; menziesii, 

taylori, 163; 


baueri, 179; 


176; subsessilis, 163; 
webbii, 166 

Gossypium, 110, 111, 1260, 123, 124, 125, 235, 
285, 290, 291; anomalum, 111, 114, 1 
124, 290; aboreum, 110, 111, 114,.1 
117, 124, 290; aridwm, 111, 122; 
armourianum, 117, 121;. barbadense, 
110, 111, 117; davidsonti, 290; gos- 
sypioides, 110, 111, 112, 113, 115, 
116, 117, 118, 119, 120, 121, 122, 124, 
285, 286, 287, 288, 289, 290, 291; hark- 
nessti, 111, 114, 117, 121; herbaceum, 
111, 114, 117, 124, 290; hirsutum,-110, 
111, 115, 116, 117, 118, 119, 120, 121, 122, 
123, 124, 285;. kloteschianum, 111, 121; 
var. davidsonii, 111, 121, 290; raimondii, 
111, 112, 114, 115, 117, 120, 122, 285, 
286, 287,288, 290, 291; stocksii, 111, 
117; sturtii, 111; thurberi, 110, 111, 114, 
116, 117, 120, 121, 122,.124, 287, 288, 
289, 291: tomentosum, 117 

GRAVES, ARTHUR HARMOUNT: (Review), 
412, 489 

Gratiola, 19 

Growth, of sedge embryos, 59 

GUILFORD, ViviAN B. & Fisk, EMMA L.: 
Megasporogenesis and seed development 
in Mimulus tigrinus and Torenia four- 
nieri, 6 

Guizotia, 222; scabra, 222 

Gymnostomum setifolium, 171 

Habenaria blephariglottis, 486; clavellata 
var. ophioglossoides, 90; macrophylla, 
90; orbiculata, 90 

Hagerup, O.: Pollination in the Faroes—in 
spite of rain and poverty in insects 

(Review) 269 
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HALE, Mason E, Jr.: Studies on the lichen 
Rinodina oreina in North America, 251 

Halesia carolina, 487 

Haplopappus acradenius var. eremophila, 
225 

Hedwigia ciliata, 407; diaphana, 407 

HEIMSCH, CHARLES & STAFFORD, HELEN J.: 
Developmental relationships of the inter- 
nodes of maize, 52 

Helenium, 294; autumnale, 294;  brevi- 
folium, 294; Curtisii, 293, 294 

Helianthus, 235 

Helonias bullata, 486 

Hemileia, 214, 230; holarrhenae, 215, 230; 
mandevillae, 214, 215; strophanthi, 215 

Helminthocladia Hudsonia, 393, 481 

Herpestis monniera, 6 

HERMANO LEON & HERMANO ALAIN: Flora 
de Cuba (Review), 410 } 

Heterophragma roxburghii, 216 

Hieracium, 263 

Hiuu, J. B., OVERHOLTsS, L. O. & Popp, H. 
W.: Botany. A textbook for colleges 
(Review), 92 

Histoplasma capsulatum, 242, 243, 247 

Hitrcnock, A. E.: Additive and inhibitive 
effects resulting frem treatment of 
tomato seedlings with indoleacetie acid 
in combination with 2,4-dichlorophenoxy- 
acetic acid, 260 

Hordeum, 59 

HowarpD, RicHArD A.: The Society of 
Plant Taxonomists’ plaque honoring 
Erick L. Ekman, 80; (Review), 410 

Hydrocotyle grossulariaefolia, 363; heu- 
cheraefolia, 362 

Hylocomium proliferum, 188 

Hymenopogum, 408 

Hypericum punctatum, 487 

Hypnum, 293 

Hypomyces, 127 

Hyptis mutabilis, 217 

Iboza, 222; multiflora, 222 

Ilex, 293; verticillata, 187 

Ilysanthes parviflora, 6 

Impatiens sp., 232; platypetala, 233 

Index to American botanical literature, 96, 
195, 273, 339, 491 

Ipomoea batatas var. Red Brazil, 435 

Tris, 59 

Isachne garneri, 222; kunthiana, 222 

Isoetes engelmanni, 413 

Isopaches bicrenatus, 188 

Itea virginica, 486 

Itersonilia, 126, 137; perplexans, 126, 128, 

129, 131; .183,.-:134,. 136, .137,. 138; 

pyriformis, 126, 133 
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Iva frutescens var. oraria, 329 

Jubula pennsylvanica, 188 

Juncus, 296; Gerardi, 329; trifidus, 304 

Jungermannia lanceolata, 188 

Juniperus, 293; virginiana, 266 

KEARNEY, THOMAS H., PEEBLES, Ropert H. 
& COLLABORATORS: Arizona flora, 190 

Keck, Davip D.: (Review), 189 

Kuehneola, 216 

Kunkelia nitens, 126 

Lannea acidissima, 230 

Lasia, 408 

Lathraea, 6, 67 

Lathyrus japonicus var. glaber, 329; 
odoratus, 481 

LAWRENCE, GeorGe H. M.: Taxonomy of 
Vascular Plants, (Review), 334 

Layia, 263 

Lecanora, 251; mougeotioides, 251 

Lechea villosa, 330 

Leconora oreina, 251 

LEE, AppDISON E.: The growth of excised 
immature sedge embryos in culture, 59 

Leiomela, 171, 180; setifolia, 171, 180 

Lemanea, 393, 394, 395, 396, 398, 400, 401, 
402, 404, 405, 406, 471, 473, 474, 475, 
476, 477, 478, 479, 480, 481, 482; annuw- 
lata, 394: australis, 393, 394, 395, 396, 
398, 402, 471, 473, 478, 481, 482; cate- 
nata, 394; fluviatilis, 394; grandis, 394; 
mexicana, 394; nodosa, 394; pleocarpa, 
394 ;torulosa, 394, 478 

Lepidium sativum, 431 

Leucobryum, 293; glaucum, 188 

Liagora tetrasporifera, 393, 481 

Lichen Rinodina oreina, studies on, 251 

Ligk, FRANK G.: A comparison of the 
three-dimensional shapes of cork cam- 
bium and cork cells in the stem of 
Pelargonium hortorum Bailey, 312, 371 

Ligusticum, 365 

Lilaeopsis, 368 

Lilium, 59, 293; superbum, 487 

Limnophila, 18 

Limonium carolinianum, 187, 329 

Limosella aquatica, 6 

Linaria, 20; cymbalaria, 20; vulgaris, 6, 
330 

Liquidambar, 293 

Liriodendron, 293 

Lobelia cardinalis, 187 

LOEFER, JOHN B., Bresperporr, F. W. & 
WEICHLEIN, R. G.: Inhibition and en- 
hancement of the growth of fungi with 
streptomycin, 242 

Lomatium, 366 

Lomentaria, 480 


or 
i) 
To) 


Ludwigia alternifolia, 487 

Lupinus, 223, 224; benthami, 222 

Luzula, 298, 308 

Luzuriaga marginata, 226 

Lycopersicum, 235, 238 

Lycopodium, 293; carolinianum, 189; tris- 
tachyum, 488 

Lycopus virginica, 487 

Lygodium, 269; palmatum, 269 

Lyonia, 293 

Magnolia virginiana, 293 

Mainsia, 231; standleyi, 231 

Maize, growth of, 52 

Maleie hydrazide, 205, 235 

Malus, 235 

Mandevilla, 214 

Margaretta whytei, 212 

Maschaloce phalus dinklagei, 231 

MATHIAS, MILDRED E. & LINCOLN CON- 
STANCE: New South American Umbelli- 
ferae, 359 

MATZKE, EpwWIN B.: (Reviews), 92 

Medeola, 293 

Medicago lupulina, 330 

Megasporogenesis, in Mimulus tigrinus and 
Torenia fournieri, 6 

Meiosis, in Allomyces, 139 

Melampsora, 229, 231; reticulata, 231 

Melilotus alba, 330; officinalis, 265, 330 

Mentha piperita, 459 

Metasequoia, 143 

Metzgeria, 188; furcata, 413 

Microcoeci, mitotic process in, 1 

Micrococcus, 2, 3; albus, 2; chryophilus, 1 

Microlepidozia, 188; 293; setacea, 188 

Micropleura flabellifolia, 362 

Microsporum canis, 242 

Mimulus, 8, 10, 11, 12, 18, 15, 16, 17, 18, 
19, 20, 22, 23; ringens, 329, 487; tigri- 
nus, 7, 22 

Mirabilis nyctaginea, 329 

Mitchella, 293 

Mitotic process, in Micrococei, 1 

Mnium punctatum var. elatum, 188 

Monechma subsessile, 232 

Moneblepharis, 139 

Monograph, of genus Anacolia, 161 

Morphology, of [tersonilia perplexans, 126 

Mout, E. T.: (Reviews), 335, 336 

MULLAHY, JOHN Henry, 8. J.: The mor- 
phology and cytology of Lemanea Aus- 
tralis Atk., 393, 471 

MULLER, CORNELIUS H.: Plant succession 
in artic heath and tundra in northern 
Scandinavia, 296 

Musineon, 365 

Mycobacterium tuberculosis, 242 
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Myoporum sandwichense, 232 

Myrica pennsylvania, 329 

Myrrhidendron, 362 

McDovueaLL, W. B. & SpeRRY, OmMER E.: 
Plants of Big Bend National Park, 
(Review), 270 

McVaueu, RoGers & Pyron, JOsEPH H.: 
Ferns of Georgia (Review), 268 

Napoleona Heudelotii, 194 

Nemalion, 480; multifidum, 393, 479 

Nemopanthus mucronata, 487 

Nepenthes Rafflesiana, 272 

Neuropogon, 257 

Neurospora, 157, 248 

New species, of Utricularia, 310 

NICKELL, Louis G.: Vitamin B, require- 
ment of Rumex virus tumor tissue, 427 

Nicotiana, 235 

Niphogeton, 359; dissecta, 365; scabra, 
365; stricta, 365 

Nocardia, 249; sp., 243, 244, 245, 246; 
asteroides, 243, 245 

Notes, 271, 414 

Nothoravenelia commiphorae, 214, 215; 
japonica, 215 

Nyssa, 293 

Ochna Mossambicensis, 194 

Oenothera parviflora, 265 

Oleander nerium, 87 

OLIVE, LINDSAY 8.: Studies on the mor- 
phology and cytology of [tersonilia per- 
plexans Derx, 126 

Olpidium, 139, 145 

Onoclea, 293 

Ophioglossum, 269 

Orchis spectabilis, 413 

Oreomyrrhis, 368 

Oreosciadium, 365; dissectum, 365 

Orobanchaceae, 63 

Orobanche, 65, 69, 71, 73; hederae, 69; 
minor, 69 

Orthopizis, 408 

Osmunda, 269, 293 

Ottoa, 368 

Oxypolis, 366, 368 

Pallavicinia Lyellii, 188 

Panicum, 59, 293 

Paraselinum, 359 

Pasteurella tularensis, 242 

Pastinaca sativa, 330 

Patterns, formed by Euglena gracilis var. 
bacillaris, 107 

Paulownia tomentosa, 6 

Pedicularis, 6, 18; Oederi, 302 

Pelargonium, 313, 314, 389, 390, 435; 
hortorum, 313, 390 
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Pellaea atropurpurea, 188, 485 

Pellia endiviaefolia, 188 

Penicillium, 192; chrysogenum, 242; 
ochraceum, 243, 245, 246 

Penstemon, 20; laevigatus, 487; secundi- 
florus, 6 

Peperomia, 90, 91 

Petunia, 268 

Perissocoeleum, 360, 362; Purdiei, 360, 
361 

Petroselinum dissectum, 365 

Peucedanum, 366; oreopansil, 359, 366 

Phaseolus, 238; vulgaris, 235, 357 

Phialophora verrucosa, 242, 243, 247 

Philonotis leiophylla, 176, 177 

Phoradendron, 413 

Phragmidiella, 216; africana, 215, 216; 
heterophragmae, 216; markhamiae, 216 

Phragmites communis, 329 

Phyllodoce caerulea, 298 

Phymosia rivularis, 224 

Phytophthora, 139 

Picea abies, 263 

Pilobolus, 465 

Pilotrichum, 408 

Pinus, 293; strobus, 313; sylvestris, 263, 
313, 384 

Piper, 90, 91 

Pisum, 235; sativum, 205, 207, 209, 211, 
435; var. gradus, 352 

Pittosporum abyssinicum, 233 

Plant suecession, in northern Seandinavia, 
296 

Plantago indica, 329; lanceolata, 330 

Podestemum ceratophyllum, 487 

Polymnia uvedalia, 487 

Pogonatum, 408 

Pogonia ophioglossoides, 486 

Polygonum viviparum, 302, 303 

Polyporus graveolens, 189 

Polysiphonia violacea, 479 

POMERLEAU, RENE: Mushrooms of eastern 
Canada and the United States (Review), 
89 

Porella platyphylloidea, 188 

Porphyra, 481 

Potentilla, 263; arguta, 486; tridenta, 189 

Prescott, G. W.: Algae of the western 
Great Lakes area (Review), 335 

Prionosciadium, 362, 366, 368; crinoidewm, 
362; phylloideum, 359, 368, 369 

Proceedings of the club, 261 

Prospodium, 217; anemopaegmatis, 217; 

constrictum, 217; oblectum, 216, 217 

Protobacterium phosphorescens, 1 

Proteus morgani, 242 

Prunus, 235; maritima, 329 


ee, NC 


| a EO NC 


Py 
Pi 


i ee a ee 


i A, RC ER 


| Re ge cc 


152 | INDEX TO 


Pseudocymopterus, 365 

Pseudomonas aeruginosa, 242 

Ptilimnium, 368 

Puccinia, 220, 222, 228, 233; sp. 226; 
abutili, 220; amphiospora, 217; bac- 
charidisspartea, 221; cenchri var. afri- 
cana, 217; claytoniicola, 218, 219; 
cucumeris, 218; cyathulicola, 218, 221, 
224; var. kenyensis, 220; digna, 
224, 225; dombeyae, 219, 220; enixa, 
220, 221; erlangeae, 213, eucomi, 226; 
graminella, 224, 225; grindeliae, 226; 
guizotiae, 221, 229; hyptidis-mutabilis, 
217; ibozae, 222, 223; interveniens, 224, 
225; isachnes, 219, 222; kenyana, 222, 
223; lupinicola, 222, 224; malvacearum, 
126; mariae-wilsoni, 218; padwickii, 
221, 224; perforans, 226; rotundata, 
222; salviae, 213; salviae-interruptae, 
213; salviae-runcinatae, 213; sherar- 
diana, 224, 225; sphaeralceae, 224; 
sphaeralceoides, 224, 225; thelypodii, 
223, 224; tripsaci, 225; tripsacicola, 
219, 225; wentii, 225; wiehii, 226, 229 

Pyracantha, 235 

Pythium, 139; anandrum, 449; debary 
anum, 431, 433, 435, 441, 444, 445, 447, 
448, 449, 450: ultimum, 431, 433, 434, 
435, 437, 441, 442, 443, 445, 448, 449, 
450 

Quercus, 293; super, 313, 380; velutina, 
189 

Raffiesia, 272; Arnoldi, 272 

Ranunculus, 234; glacialis, 298, 305, 308 

RAPER, KENNETH B. & FENNELL, DOROTHY 
I.: Stalk formation in Dictyostelium, 25 

Ravenelia, 227; albizziicola, 226, 227; 
wiehei, 227 

Reboulia, 188 

Rehmannia, 18, 20 

Retardation, in cell development of Phas¢ 
olus vulgaris L., 236 

Rhacopilum, 407 

Rhexia virginica, 487 

Rhinacanthus nasutus, 233 

Rhodobryum roseum, 188 

Rhodochorton, 479; violaceum, 393 

Rhododendron lapponicum, 263, 302 

Rhodosciadium, 362, 366 

Rhoeo, 386 

Rhus radicans, 266; vernix, 487 

Riccardia multifida, 188 

RicKETT, H. W.: (Reviews), 191, 193 

Rinodina heuana, 251, 253, 254, 256, 258; 
forma microcarpa, 254; novomexicana, 
254; oreina, 251, 252, 253, 254, 255, 256, 
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ROBBINS, WILLIAM J.: Patterns formed by 
motile Euglena gracilis var. bacillaris, 
107 

Ropsins, W. W. & WEIER, T. E.: Botany. 
An introduction to plant science (Re- 
view), 93 

Rosa, 235 

ROSENDAHL, C. O. & Butters, F. K.: A 
guide to the spring flowers of Minnesota 
(Review), 269 

Ross-CraiG, STELLA: Drawings of British 
Plants (Review), 193 

Rubus, 235, 413; sp. 231; flagellaris, 266 

Rucker, M. Pierce, M.D.: Floral eponyms, 
95, 271 

RUDOLPH, EMANUAL D.: More than a tree 
grows in Brooklyn, 329 

RULISON, MiupRED L.: (Review), 91 

Rumex, 265, 427, 428, 429; acetosa, 264, 
427, 430 

Sabatia stellaris, 329 

Sacheria, 394, 402 

Salicornia, 187; Bigelovii, 329; europaea, 
329; virginica, 329 

Salia glauca, 297; hastata, 300; herbacea, 
298, 301, 302, 308; lanata, 297; lap 
ponum, 297; phylicifolia, 302; reticu 
lata, 302, 303 

Salsola Kali, 329 

Saprolegnia, 139, 156 

Salvia, 213; pseudococcinae, 213 

Sarracenia flava, 488 

Saururus, 293 

Saussarea alpina, 302 

Saxifraga, 263, 300; aizoides, 300, 302, 
303, oppositifolia, 302, 303, 304 

Scapania, 188 

Schinus terebinthifolius, 464, 465, 466, 
467, 469 

Schizaea, 189 

ScHREVE, Forrest & WiaGGINs, Ira L.: 
Vegetation and Flora of the Sonoran 
Desert (Review), 411 

Schroeteriaster doidgeae, 229 

Schwalbea americana, 486 

Scinaia furcellata, 393, 479 

Scrophularia leporella, 487; marylandica, 
6; vernalis, 20 

Securinega, 215 

Sedge embryos, culture of, 59 

Seed development, in Mimulus tigrinus and 
Torenia fournieri, 6 

Selaginella, 293; rupestris, 485, 488 

Sequoia, 413 

Setaria, 226; splendida, 226 

Shigella paradysenteriae, 248 





Silene, 303, 306; acaule, 302, 303, 306; 
stellata, 487 

SMALL, JOHN A.: (Review), 194, 269, 270, 
411, 412, 413, 488 

Smilax glauca, 487; rotundifolia, 293 

Situ, Gitpert A.: Manual of Phycology 
(Review), 336 

Solandra, 194 

Solanum macranthum, 194 

Solidago, 187; graminifolia, 330; juncea, 
265; nemoralis, 265; rugosa, 330; sem- 
pervirens, 329 

Sopubia, 18; trifida, 18 

Sorbus aucuparia, 263 

Sorghum, 235 

South American Umbelliferae, 359 

Spartina alterniflora, 329; patens, 329 

Spermothamnion Turneri, 481 

Sphaeralcea ambigua, 224; orcuttii, 224 

Sphagnum, 93, 293 

Spiranthes cernua, 90, 329; lacera, 90 

Spirogyra, 480 

Spondylocladium australe, 243 

Sporobolomyces, 137 

Sporotrichum, 244; epigaewm, 247; 
schenckii, 242, 243, 244, 245, 246, 247 

STAFFORD, HELEN A.: The distribution and 
development of enzymes in pea seedlings, 
351 

Stalk formation, in Dictyostelium, 25 

Staphlococeus albus, 242; aureus, 242 

Stenochlaena vestita, 232 

Stereocaulon, 257 

Stereospermum acuminatissimum, 216; kun- 
thianum, 216 

STEYERMARK, JULIAN A.: New Brazilian 
species of Utricularia, 310 

Streblotrichum, 408 

Streptomycin, and growth of fungi, 242 

Strophostyles helvola, 329 

Styrax japonica, 487 

Suacda maritima, 329 

Syncephalastrum racemosum, 243 

Syringa vulgaris, 459 

TAYLOR, WM. RANDOLPH: The algal genus 
Crysophaeum, 79 

Tetranema, 18 

Textbooks of Botany, 92 

Thalictrum, 234; rhynochocarpum, 234 

Thelia asprella, 188 

Thelypodium, 224; lasiophyllum, 224 

Three-dimensional shapes of cells, in Pelar- 
gonium hortorum, 312, 371 

Tiael, B.: Studies in the family Oroban- 
chaceae. II. A contribution to the em 
bryology of Aeginetia indica, 63 

Tilletiopsis, 137 
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Timmia, 408 

Tofieldia, 300, 486; pusilla, 300 

Tomato seedlings, effect of indoleacetie 
acid and 2,4-dichlorophenoxyavetie acid 
on, 260 

Torenia, 12, 13, 15, 16, 17, 18, 19, 20, 22, 
23; cordifolia, 6, 18, 19, 22; deli, 13; 
fournieri, 6, 7, 12, 13, 18, 19, 22; hirsuta, 
6, 18, 19, 22 

Torreya, 80, 186, 260, 329, 410, 485 

Tortella caespitosa, 188 

Torula utilis, 247 

TRELEASE, WILLIAM & YUNCKER, TRUMAN 
GEORGE: The Piperaceae of Northern 
South America (Review), 90 

Trematodon, 408 

Trichocolea tomentella, 188 

Trichophyton gypseum, 242; interdigitale, 
242; mentagrophytes, 242, 243, 245, 
246, 247; pedis, 242; rosaceum, 242, 
247; rubrum, 243 

Trichostema, 187 

Trillium, 451, 454, 457; decumbens, 452, 
453, 454, 457; erectum, 451; grandi- 
florum, 451; lancifolium, 452, 453, 454; 
luteum, 451, 452, 453, 454, 455, 457; 
pusillum var. virginianum, 293; recurva- 
tum, 452, 453, 454, 456; sessile, 451, 
452, 453, 454, 456; stamineum, 452, 
453, 454, 456 

Tripsacum, 225; dactyloides, 225 

Tylophora conspicua, 212 

Typha angustifolia, 329; latifolia, 329 

Ulota americana, 188 

Ulwa, 157 

Uraecium africanum, 227, 228, 229; car- 
podini, 228, 229; magnisporum, 228, 229 

Uredinales, 212 

Uredinopsis, 232 

Uredo, 230, 231, 233; aburiensis, 229; 
alafiae, 230; amphiospora, 217; calo- 
tropsidis, 230; carpodini, 228; cenchri- 
cola, 217; clitandri, 228; chlorophorae, 
230: combreti, 214; combreticola, 214; 
gdumannii, 232; gomphrenae, 224; jef- 
fersii, 231; kigesianus, 229, 233; lon- 
gaensis, 214; maschalocephali, 231; mc- 
kinleyensis, 229, 231; monechmae, 231; 
mayopori, 232; stenochlaenae, 229, 232; 
wantoatensis, 232 

Uromyces, 228, 233, 234; bouvardiae, 234; 
cruchetti, 234; fischerianus, 234; hier- 
onymianus, 217; holmbergii, 234; para- 
doxus, 215; pencanus, 224, 225; pit- 
tospori, 233; rhinacanthi, 223, 233; 
spermacoces, 234; tripsaci, 225; wiehei, 
233; wolfii, 233, 234 
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Utricularia, 386; aureolimba, 311; Bald- 
winii, 310; cearana, 310; Cutleri, 311; 
erectiflora, 310; Meyeri, 310; nigrescens, 
311; pusilla, 311; Regnellii, 311; re 
supinata, 486; spicata, 310; sublata, 311 

Utricularia, new species of, 310 

Vaccinium, 235, 293, 306; Myrtillus, 297, 
300, 302, 308; uliginosum, 298, 300, 
301, 302, 304, 308: Vitis-idaea, 298, 301, 
302, 308 

Vaginella, 164 

Vallota, 59 

Vandellia, 19, 20; 
hirsuta, 19, 22; seabra, 22 

Vapor concentrations of ethereal oils, 459 


Verbascum, 20 
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Vernonia cistifolia, 222 
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Veronica virginica, 487 

Viola, 333; Rafinesquii, 487 

Virus tumor tissue of Rumex, 427 

Vittaria lineata, 269 

WALLACE, JEAN ELIZABETH: 
of Maine (Review), 90 

Watson, DoNALD P.: Retardation in cell 
development in leaf and flower buds of 
Phaseolus vulgaris L. from foliar ap- 
plications of maleic hydrazide, 235 

WHITAKER, THOMAS W.: (Review), 332 

WILSON, CHARLES M.: Meiosis in ALI- 
lomyces, 139 

W oodsia ilvensis, 188 

Xanthium, 235, 238 

Zea, 59, 235 

Zizania, 59; aquatica, 486 


The Orchids 








The Torrey Botanical Club 


announces the appearance of 


MEMOIRS OF THE 
TORREY BOTANICAL CLUB 


Volume 20 Number 3 


REPRODUCTION IN PETUNIA 


y 
Arlow Burdette Stout 


202 pages e 61 figures and charts 


The culmination of many years of research upon this genus. The 
author has recently retired from the staff of the New York Botanical 
Garden. 


Price $3.50 


The Memorrs have been published since 1889 and include papers 
on subjects of general interest by L. H. Bailey, N. L. Britton, P. A. 
Rydberg, H. S. Jackson, and many others. 


Most issues are still available. 


Address orders and inquiries to 


Dr. Sophie Jakowska 
College of Mount St. Vincent 
New York 71, N. Y. 





New York Botanical Gardens 

Abilene Christian College 

Agricultural & Mechanical 
College of Texas 

Duquesne University 

Florida State University 

Georgia Teachers College 

Lovisiona Polytechnic Institute 

Loyola University 

Oklahoma Agricultural & 
Mechanical College 

Southern Methodist University 


HERBARIUM 
CASES 


NOW IN USE IN OVER 115 
UNIVERSITIES, BOTANICAL 
= GARDENS, NATIONAL 
PARKS, ETC. 


since their introduction! 


SPECIFICATIONS 
STANDARD HERBARIUM 
841,” High, 27-13/16” Wide, 
18-25/32” Deep 
JUNIOR MODEL HERBARIUM 
40” High, 27-13/16” Wide, 
18-25/32” Deep 


Lane Herbarium Case 
The Accepted Stand- 
ard for general use 


SOME USERS OF LANE HERBARIUM CASES 


State College of Washington 
Tulane University 
University of Alaboma 
University of Arizona 
University of Arkansas 


Grand Canyon National Park 
Olympic National Park 
Hawoii National Park 
Glacier National Park 
Canisius College 

University of Chattancoga 
University of Massachusetts 
University of Idaho 
University of Nevada 
University of Texas 
University of Wisconsin 
Washington University 
Yale University 


Catholic University of Washington 
Carleton College 

Emory University 

U. S. Dept. of Agriculture 
Oregon State College 

Riverside Municipal Museum 
Rutgers University 
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CHECK 
- THESE OUTSTANDING 
FEATURES: 


e Air-Tight and Insect 
Proof Seal 
J UJ Nv | 0 R M 0 D ke [ e Standard Size Compartments 
e Three-Point Compression 


Type Locking Mechanism 


HERBARIUM CASE ° Sc" 


e Right or Left Doors 
e Double-Wall All-Steel 


Construction 


IDEAL FOR 
SUPPLEMENTAL USE, 
WORK TABLE, 
UNDER WINDOWS, 
SMALL 
COLLECTIONS, 
STUDENTS, ETC. 













Lane “‘Junior Model” 
A WORK TABLE IN THE LABORA- Herbarium Case 
TORY WITH LINOLEUM COVERED 


WORKING TOP. 






ALL LANE HERBARIUM CASES ARE DELIVERED 
COMPLETELY ASSEMBLED AND READY FOR USE. 
WRITE FOR COMPLETE DETAILS. 
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ir YOU 


had to Clean 
the Laboratory Ware 


YOU would insist on ALCONOX 


No matter what you want to clean ... glassware, metal ware, porcelain ware, 
machine parts ... No matter how dirty or greasy they may be... ALCONOX 
will make them sparkle. 
In hard water, soft water, hot or cold 
this modern wetting agent is equally effective. It actually lifts off dirt, grime and 
grease faster and cleaner than anything you have ever tried. 
Saves energy, Saves Time 
Just wash and rinse. Practically no toweling needed. Economical, too. One 
spoonful makes a gallon of active cleanser ready to go to work on your toughest job. 
Tested and Used 
by many leading labvratories, hospitals, food and industrial plants. Test it your- 
self... on a tough job. 
3-lb. box $1.95; 12-box carton $18.00 
50-lb. bags @ 40¢ Ib. f.o.b. New York 
Order Today or Write for Free Sample 


STANDARD SCIENTIFIC SUPPLY CORP. 
34 West 4th Street New York 12, N. Y. 








A CALL FOR BACK NUMBERS 
of the 
Bulletin of the 
TORREY BOTANICAL CLUB 


Our stocks of the following numbers are very low, and we are completely 
out of a few of them: 


Vol. 67 (1940), No. 6. 
Vol. 68 (1941), Nos. 1, 


2, 3, 4. 
Vol. 70 (1943), Nos. 1, 2, 3 
Vol. 71 (1944), Nos. 1, 2 
Vol. 76 (1949), No. 1 
The war has increased the demand for back numbers. If any members of 


the Club are willing to part with some of their back numbers the Business 
Manager will be very glad to receive them. 


Please write to: 


Sophie Jakowska, Business Manager 
College of Mt. St. Vincent, New York 71, N. Y. 











GOOD BUY, Microscope Slides! 
BEST BUY, Triarch Slides! 


. Microscope slide prices have increased less (7 
than any other biological teaching aid. oi 
. Triarch Slides are listed at lower prices than 
most. 
. Triarch pays all shipping costs; our catalog 
Price is the price you pay. 
. Triarch Slides are carefully selected for qual- 
ity and are always shipped on approval. 


. Your orders are handled with accuracy, dee ») 
pendability and speed. 


For Catalogs, write to: 


GEO. H. CONANT 


Triarch Products 
RIPON, WISCONSIN 








